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PREPACK 


In  drawing  up  a  systematic  roursi)  of  flrturhtdry  rhoinlral 
instruction  based  upon  the  periodic:  ehiNNinration  ol  \\w  rle 
ments,  whether  it  be  as  a  course  of  IcrturcM,  or  un  u  W\\  book, 
a  number  of  serious  dinic^ulticN  are  at  oncii  rnrtMUitcnul. 
These  poilibly  are  sutVicient  to  account  for  the  lai  (,  Ihnt 
although  twenty-five  years  have  elapHcd  ulni'c  Mciulcliii'fl' 
published  this  natural  system  of  ctlaNMification,  \\\v  inrthod  hun 
not  been  generally  adopted  as  the  bonis  o(  ICngliMh  clciiicnlMty 
text-books. 

I  have  endeavoured  to  obviate  ttiariy  of  Ihcur'  din)<  iillii'D, 
while  still  making  the  periodic  system  llii;  loundalion  upon 
which  this  little  IkkA  is  tmsird,  by  dividing  \\\t*  brn/li  into 
three  parts.  Part  I.  contains  a  brief  sketch  of  the  UwuU' 
mental  principles  and  theories  M\Hn\  which  the  ^twiMf  ni 
modem  chemistry  is  built.  Into  this  fK;rti/;fi  tff  the  l/</</k  I 
have  introduced^  necessarily  m  l>fi<rfcttt  tntiUtu^  M/rric  tH  the 
more  recent  deveUif/mcnts  <t(  the  v  ieri/e  in  h  pbyuMi'/'  Ui^f$t^*  al 
direction,  of  which  it  i%  di:sfral/l#;  ttiat  iUt:  MlJ/lirrit  *Im/<j)/1  f(Jim 
some  knowledge,  even  early  in  bi»  *Mtt*$:r. 

Fart  IL  ctimtMiA  'A  itn:  Mti/jy //  tit*:  Umt  \y\fi*A\  t-Uu^^tt^f 
hydrogen,  oxygen,  nitr^^g^m,  and  tJiuiM^^  :$ttA  *4  ihif  w^/f*; 
important  ajm\ifAitA%.  Hy  t^^^pi^tttu^  ti^r^.  U^4f  f-Ufft^tfi^ 
from  their  pofhk^  m  tl^:  p^uj"^.  ^tM^t$,  wyj  Hn^Ut^/^  ii^tft 
icpgralirfr,  the  uudent  j*  eairJy  U^/ug^/t  it/t//  Ufn^s^fi  i»;*fi  ui4$ty 
of  the  issEqAtr  xdA  wfM^  UassWuti  j/yfti^>ir#t  *A  t-*^  ^^^/^       v-y  t, 
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subjects  as  watery  the  atmosphere^  and  combustion,  to  which  it 
is  desirable  that  he  should  be  introduced  at  an  early  stage  in 
his  studies,  are  thus  brought  much  more  forward  than  would 
otherwise  be  the  case. 

In  Part  III.  the  elements  are  treated  systematically,  accord- 
ing to  the  periodic  classification.  In  this  manner,  while 
avoiding  a  sharp  separation  of  the  elements  into  the  two  arbi- 
trary classes  of  metals  and  non-metals,  it  has  been  possible  to 
so  far  conform  to  the  prevailing  methods  of  instruction,  that 
all  those  elements  which  are  usually  regarded  as  non-metals 
(with  the  two  exceptions  of  boron  and  silicon)  are  treated  in 
the  earlier  portion  of  the  book. 

The  science  of  chemistry  has  of  recent  years  developed  and 
become  extended  to  such  a  degree,  that  the  difficulty  of  giving 
a  fairly  balanced  treatment  of  the  subject,  within  the  limits  of 
a  small  text-book,  is  an  ever-increasing  one,  and  it  necessarily 
resolves  itself  into  a  question  of  the  judicious  selection  of 
matter.  In  making  such  a  selection,  I  have  endeavoured,  as 
far  as  possible,  to  keep  in  view  the  requirements  of  students 
at  the  present  time,  without,  however,  following  any  examina- 
tion syllabus. 

Acting  upon  this  principle,  I  have  omitted  all  detailed 
description  of  the  rare  elements  and  their  compounds,  con- 
fining myself  merely  to  a  short  mention  of  them  in  a  few 
general  remarks  at  the  commencement  of  the  various  chapters. 

Although  from  a  purely  scientific  standpoint  many  of  these 
rare  substances  are  of  the  greatest  interest  and  importance, 
it  must  be  admitted  that  they  stand  quite  outside  the  range 
of  all  the  customary  courses  of  chemical  instruction ;  and  so 
far  as  the  wants  of  the  ordinary  student  are  concerned,  the 
space  which  would  be  occupied  by  an  account  of  these 
elements   is  more  advantageously  devoted   to  such    matters 
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as  are  discussed  in  the  Introductory  Outlines.  Moreover,  it 
is  a  matter  of  common  observation  that  text-books,  even 
upon  the  shelves  of  reference  libraries,  and  which  bear  un- 
mistakable evidence  of  much  use,  are  frequently  uncut  in  those 
portions  which  treat  of  these  elements. 

Details  of  metallurgical  processes,  also,  are  out  of  place 
in  a  text-book  of  chemistry,  and  must  be  sought  in  metal- 
lurgical text-books.  Only  such  condensed  outlines,  therefore, 
have  been  given  as  are  sufficient  to  explain  the  chemical 
changes  that  are  involved  in  these  operations. 

The  great  importance  to  the  student,  of  himself  perform- 
ing experiments  illustrating  the  preparation  and  properties  of 
many  of  the  substances  treated  of  in  his  text-book,  cannot 
well  be  over-estimated.  If  he  be  in  attendance  upon  a  course 
of  chemical  lectures,  opportunity  should  be  given  to  him  for 
repeating  the  simpler  experiments  he  may  see  performed 
upon  the  lecture  table:  if  he  be  not  attending  lectures,  the 
necessity  for  this  practical  work  on  his  part  is  greater  still. 
Instead  of  burdening  this  text-book  with  specific  directions 
for  carrying  out  such  elementary  experiments,  frequent  refer- 
ences have  been  made  to  my  "  Chemical  lecture  Experi- 
ments," where  minute  directions  are  given  for  carrying  out 
a  large  number  of  experiments,  many  of  which  may  be  easily 
performed,  and  with  the  very  simplest  of  apparatus. 

Several  of  the  woodcuts  have  been  borrowed  from  existing 
modern  works,  such  as  Thorpe's  "  Dictionary  of  Applied 
Chemistry,"  MendelejefFs  "  Principles  of  Chemistry,"  Ost- 
wald's  "Solutions,"  and  others.  Care  has  been  taken,  how- 
ever, to  exclude  all  antiquated  cuts,  and  a  large  number  of 
the  illustrations  are  from  original  drawings  and  photographs. 

G.  S.  N. 
SOUTH  Kensington. 
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TO   THE   NINTH    EDITION 

In  preparing  this  edition  I  have  availed  myself  of  the 
opportunity,  which  the  necessity  to  reset  the  book  in  type 
has  afforded  me,  of  making  some  more  extensive  changes 
and  additions  than  the  exigencies  of  stereotype  plates  would 
have  allowed,  with  a  view  to  bringing  the  matter  well  into  line 
with  (he  most  recent  advances  of  the  science.  The  general 
plan  of  the  book  remains  the  same,  the  alterations  consisting 
almost  entirely  of  extensions  and  additions,  amounting  in  all 
to  about  fifty  pages.  Some  of  the  subjects  dealt  with  in  Part  I 
will  be  found  considerably  amplified,  without,  however,  any 
departure  from  the  original  intention  of  making  these  cha]}ters 
introductory  outlines  only.  A  new  section  in  the  text  of  the 
book  has  been  devoted  to  a  description  of  the  five  new 
elements  of  the  argon  group,  and  these  elements  have  been 
included  in  the  periodic  scheme  of  classificatioa  For  many 
of  the  most  recent  facts  relating  to  these  elements  I  am 
indebted  to  Travers'  "  Experimental  Study  of  G^ses." 

Descriptions  have  also  been  included  of  a  number  of  recent 
manufacturing  processes  (several  being  illustrated  by  new 
cuts),  which  are  now  being  carried  on  by  the  modern  applica- 
tions of  electricity — such  as  the  manufacture  of  phosphorus, 
graphite,  caustic  soda,  sodium  carbonate,  potassium  chlorate, 
aluminium,  and  others. 
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The  atomic  weights  which  in  previous  editions  were  giver 
in  a  separate  column  of  the  table  of  weights,  under  the  heac 
of  more  exact  values^  have  now  been  replaced  by  the  so-callec 
international ' atomic  weights^  which  are  published  annually  ir 
the  Berichte.  Not  that  it  .is  of  any  moment  to  the  studen 
whether  the  atomic  weight  of,  say  nickel,  is  58.6  or  58.7  ;  bui 
it  is  obviously  desirable  that  as  far  as  possible  there  shall  be 
some  uniformity,  so  that  he  shall  not  find  a  different  value 
given  in  every  diflferent  book  he  may  refer  to. 

G.  S.  N. 


July  1902. 


HINTS  TO  STUDENTS 


For  the  help  of  students  who  may  use  this  book  at  the 
commencement  of  their  chemical  studies,  and  especially  for 
those  who  may  not  be  working  under  the  immediate  guidance 
of  a  teacher,  the  following  hints  are  given  : — 

Begin  by  carefully  reading  the  first  four  chapters  (pages- 
1-24).  Then  pass  on  to  Part  II.  (page  171),  and  begin 
the  study  of  the  four  typical  elements,  hydrogen,  oxygen, 
nitrogen,  and  carbon,  and  their  compounds,  in  the  order  in 
which  they  are  treated.  Accompany  your  reading  by  per- 
forming as  many  of  the  experiments  referred  to  as  possible, 
in  order  that  you  may  become  practically  familiar  with  the 
substances  you  are  studying. 

During  the  time  occupied  in  the  study  of  these  four 
elements  and  their  compounds,  again  read  Chapters  I.  to  IV., 
and  slowly  and  carefully  continue  reading  Part  I.,  so  that 
by  the  time  Part  III.  is  reached,  you  may  have  fairly  mastered 
at  least  the  first  thirteen  chapters  of  the  Introductory  Out- 
lines. 

The  order  in  which  the  elements  are  treated  in  Part  III. 
is  based  upon  the  periodic  classification,  therefore  read  the 
short  introductory  remarks  at  the  commencement  of  the 
various  chapters,  in  the  light  of  the  table  on  page  117. 

Throughout  the  book  temperatures  are  given  in  degrees 
of  the  Centigrade   thermometer,     i"  Centigrade   equals   1.8° 
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Hints  to  Students 


Fahrenheit,  and  as  the  zero  of  the  latter  scale  is  32**  below 
that  of  the  Centigrade,  temperatures  given  in  degrees  of  one 
scale  are  readily  translated  into  degrees  of  the  other,  by 
the  simple  formula — 

(«X.xi.8)  +  32  =  -F. 

The  abbreviation  mm.  stands  for  millimetre;  the  -^^xsjs  P^^rt 
of  a  metre  (i  metre  =  39.37079  inches;  or  roughly,  25 
mm.  =  I  inch).  The  abbrevation  c.c.  signifies  cubic  centi- 
metre; the  x(nnr  P^^^  ^^  ^  cubic  decimetre,  or  litre  (i 
litre  =  1.76077  pints). 

I  gramme  (the  weight  of  i  c.c.  of  distilled  water,  taken  at 
its  point  of  maximum  density)  =  15.43235  English  grains. 
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PART?  I 
INTRODUCTORY*  OUTLINES 

CHAPTER    I       j^     \ 
CONSTITUTION  OF  likTTBli  'J\ 


The  science  of  chemistry  may  be  describe^ta^'U^c. 
certain  class  of  changes  which  matter  is  capable  /Sl^KififgfwiR> 
Matter  is  susceptible  of  a  variety  of  changes,  some  olf  wldch\|ier 
regarded  as  physical  and  others  as  chemical,  Tnu||  when  a  st^l 
knitting-needle  is  rubbed  upon  a  magnet,  the  needle  u^ergoes  a 
change,  by  virtue  of  which  it  becomes  endowed  with^e  po>«f 
of  attracting  to  itself  iron  filings  or  nails  ;  and  when  an  o^inary 
lucifer  match  is  rubbed  upon  a  match-box  the  match  unders^oes  a 
change,  resulting  in  the  production  of  flame.  In  the  first  case  the 
change  is  said  to  be  2i physical  one,  while  the  ignition  and' com- 
bustion of  the  match  is  a  chemical  change. 

When  a  fragment  of  ice  is  gently  warmed,  it  is  changed  from  a 
hard,  brittle  solid  to  a  mobile,  transparent  liquid  ;  and  when  white 
of  ^gg  is  gently  heated,  it  changes  from  a  transparent,  colourless 
liquid  to  an  opaque  white  solid.  These  changes,  which  appear  at 
first  sight  to  be  of  a  similar  order,  are  in  reality  essentially  different 
in  their  nature  :  the  transformation  of  solid  ice  into  liquid  water 
is  a  physical  change,  the  coagulation  of  albumen  is  a  chemical 
change. 

Again,  when  certain  substances  (such  as  the  materials  which 

constitute  the  so-called  luminous  paints  are  exposed  to  a  bright 

light,  they  undergo  a  change  whereby  they  become  invested  with 
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the  power  to  emit  a  feeble  light  when  seen  in  the  dark.  A  stick  of 
phosphorus  also  emits  a  very  similar  light  when  seen  in  the  dark. 
The  glowing  of  these  materials  under  these  circumstances  might 
readily  be  regarded  as  the  result  of  the  same  kind  of  change  in 
both  cases  ;  but  in  reality  the  luminosity  of  the  phosphorus  is  due 
to  a  chemical  change  taking  place  upon  the  surface  of  that  sub- 
stance, while  the  emission  of  light  from  the  luminous  paint  is  a 
purely  physical  phenomenon. 

The  two  sciences,  chemistry  and  physics,  are  so  closely  related 
and  interdependent  upon  each  other,  that  no  sharp  distinction  or 
line  of  separation  between  them  is  possible.  Every  chemical 
change  that  takes  place  is  attended  by  some  physical  change,  and 
it  often  happens  that  this  accompanying  physical  change  forms 
the  only  indication  of  the  chemical  change  that  has  taken  pjace. 
In  certain  important  points,  however,  a  chemical  change  is  very 
different  from  one  that  is  purely  physical :  in  the  latter  case  no 
material  alteration  in  the  essential  nature  of  the  substance  takes 
place.  This  will  be  seen  in  the  examples  quoted.  The  steel 
needle  remains  unaltered  in  its  essence,  although  by  magnetisation 
it  has  acquired  a  new  property — a  property  which  it  again  loses, 
and  which  can  be  again  and  again  imparted  to  it.  The  match,  on 
the  other  hand,  when  ignited  has  undergone  a  material  and  per- 
manent change  :  the  combustible  substance  is  now  no  longer 
combustible,  neither  will  it  ever  return  to  its  original  state.  The 
solid  water,  in  being  transformed  to  liquid  water,  has  not  under- 
gone any  vital  change  ;  in  essence  it  is  the  same  substance  merely 
endowed  with  a  new  property  o/  liquidity,  a  property  which  it  loses 
again  when  cooled,  and  which  can  be  again  and  again  imparted  to 
it  On  the  other  hand,  the  coagulated  albumen  has  undergone  a 
complete  and  lasting  change,  and  never  returns  to  its  original 
condition. 

In  the  same  way,  the  luminous  paint  gradually  ceases  to  emit 
light,  and  returns  to  its  original  state  ;  it  may  be  exposed  to  the 
influence  of  light,  when  it  once  more  acquires  the  property  of 
phosphorescence,  and  this  change  may  be  brought  about  indefi- 
nitely, without  altering  the  intrinsic  nature  of  the  substance.  The 
glowing  phosphorus,  on  the  other  hand,  is  gradually  changed  into 
a  white  substance,  which  escapes  from  it  as  a  smoke  or  fume  ;  in 
the  act  of  glowing  the  phosphorus  is  undergoing  a  process  of  slow 
burning,  and  if  allowed  to  remain  will  continue  glowing  and  burn- 
ing until  the  whole  of  it  has  disappeared  in  the  form  of  smoke. 
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The  Constitution  of  Matter.    Molecules.— Matter  is  regarded 

by  the  chemist  and  physicist  as  being  composed  of  aggregations 
of  minute  particles  ;  every  substance,  whether  it  be  solid,  liquid, 
or  gaseous,  presents  the  appearance  to  his  mind  of  a  vast  number 
of  extremely  minute  particles.  To  these  particles  the  name  mole- 
cules ("  little  masses  ")  has  been  given.  The  particles  or  molecules 
of  any  particular  substance  are  all  alike  :  thus  in  sulphur  the 
molecules  are  all  of  one  kind,  while  in  water  they  are  all  of  another 
kind  ;  the  properties  associated  with  sulphur  are  the  properties  of 
the  individual  sulphur  molecules,  while  those  belonging  to  water 
are  the  properties  of  the  molecules  of  that  substance.  All  matter, 
therefore,  is  to  be  conceived  as  having  what  may  be  called  a 
^rrti«^// structure.  The  actual  sizes  of  molecules  is  a  matter  which 
has  not  yet  been  determined  with  exactness  ;  they  are  orders  of 
magnitude  which  are  as  difficult  for  the  mind  to  grasp  on  account 
of  their  minuteness,  as  many  astronomical  measurements  are  by 
reason  of  their  vastness.  It  is  certain  that  their  size  is  less  than 
half  a  single  wave-length  of  light,*  and  that  therefore  they  are 
beyond  the  visual  limits  of  the  microscope.  Some  general  idea 
of  their  order  of  magnitude  may  be  gathered  from  Lord  Kelvin's 
calculation,  that  if  a  single  drop  of  water  were  magnified  to  the  size 
of  the  earth,  each  molecule  being  proportionately  enlarged,  the 
grained  appearance  which  the  mass  would  present  would  probably 
be  finer  than  that  of  a  heap  of  cricket -balls,  but  coarser  than  a 
heap  of  small  shot. 

It  will  be  evident,  therefore,  that  in  the  strictest  sense  matter  is 
not  homogeneous :  a  fragment  of  ice  or  a  drop  of  water  consists  of 
an  aggregation  of  a  certain  number  of  molecules,  between  which 
there  exist  certain  interspaces.  When  the  fragment  of  ice  is  heated, 
the  spaces  between  the  molecules  are  enlarged,  and  the  solid  passes 
into  the  liquid  state  ;  and  when  water  is  still  further  heated,  and 
converted  into  water  vapour  or  steam,  the  molecules  are  still  more 
thrust  asunder,  and  the  intermolecular  spaces  are  still  further 
increased. 

The  forces  which  similar  molecules  exert  upon  each  other  are 
regarded  as  physical^  in  contradistinction  to  chemical.  These 
forces  are  either  attractive  in  their  nature,  or  repellent.  When 
the  attractive  forces  are  in  the  ascendency,  the  molecules  are 
drawn  more  or  less  closely  together,  and  the  substance  assumes 

•The  wave-length  of  the  blue  ray  (G)  =  o. 000431 1  millimetre,  or 
0.0000x69  inch. 
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the  solid  state.  If  the  repellent  forces  have  the  upper  hand  the 
material  takes  the  gaseous  condition,  while  the  liquid  state  may 
be  regarded  as  resulting  from  a  certain  balance  of  these  opposite 
forces.  Changes  which  matter  undergoes  by  the  action  of  these 
forces  are  physical  changes  ;  they  do  not  affect  the  inherent  nature 
and  properties  of  the  substance,  which  properties,  as  already  stated, 
reside  in  the  molecules  themselves. 

In  each  of  the  three  states  of  matter,  viz.,  solid,  liquid,  or  gaseous, 
the  molecules  are  conceived  as  being  in  a  state  of  motion  ;  they 
are  regarded  as  executing  some  vibraXory  movement  within  the 
spaces  that  divide  them.  In  the  solid  state  this  movement  is  the 
most  restricted,  for  the  reason  that  the  intermolecular  spaces  are 
in  this  case  the  smallest.  In  the  gaseous  condition  the  amplitude 
of  vibration  of  the  molecules  is  very  greatly  increased  ;  for  the 
attractive  forces  being  at  a  minimum,  and  the  intermolecular 
spaces  being  greatest,  the  molecules  have  a  further  distance  to 
travel  before  they  strike  one  another. 

Such  changes  in  matter,  which  are  merely  the  result  of  altera- 
tions in  the  motions  of  the  molecules,  are  likewise  purely  physical 
changes. 

Molecules  may  be  defined  as  the  smallest  particles  of  matter 
which  can  exist  in  the  free  state;  or  •  as  the  smallest  weight  of 
matter  in  which  the  original  properties  of  the  matter  are  retained. 

Atoms. — It  is  the  belief  of  chemists  that  most  molecules  are 
possessed  of  a  structure.  That  is  to  say,  they  are  not  simple, 
single,  indivisible  masses,  but  themselves  consist  of  aggregations 
of  still  smaller  particles,  which  are  held  together  by  the  opera- 
tions of  some  other  force.  These  particles  of  which  molecules 
are  composed  are  termed  atoms,  and  the  force  which  holds  them 
together  is  called  chemical  affinity,  or  chemical  attraction.  To 
the  niind  of  the  chemist,  such  molecules  are  little  systems,  con- 
sisting of  a  number  of  atoms  which  are  attracted  to  each  other 
by  this  particular  force  ;  in  the  ordinary  movements  of  the  mole- 
cule, the  system  moves  about  as  a  whole.  In  this  respect  it  bears 
some  analogy,  on  an  infinitely  minute  scale,  to  a  solar  system. 
The  atoms  of  a  molecule  are  r2garded  as  in  a  stale  of  motion  as 
respects  one  another,  possibly  revolving  about  one  another,  while 
the  entire  system,  or  molecule,  at  the  same  time  performs  its  in- 
dependent movements,  just  as  in  a  solar  system  the  various 
members  perform  various  movements  towards  each  other,  while 
at  the  same  time  the  whole  system  travels  upon  its  prescribed 
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orbit.  In  the  case  of  the  heavenly  bodies,  the  force  which  regulates 
the  movements  of  the  individual  members  of  the  system  amongst 
themselves  is  the  same  force  that  controls  the  motion  of  the  united 
system,  namely,  gravitation.  What  is  the  precise  relation,  or 
difference,  if  any,  between  the  forces  which  control  the  movements 
of  molecules,  and  those  which  operate  between  the  atoms  of  the 
molecule,  is  not  known  ;  but  as  the  effects  produced  are  different, 
the  latter  force  is  distinguished  by  the  name  of  chemical  affinity. 

Any  change  which  matter  undergoes,  in  which  the  integrity  of 
the  molecules  is  not  destroyed,  is  regarded  as  a  physical  change  ; 
while  any  change  which  arises  from  an  alteration  in  the  structure 
of  the  molecule  is  a  chemical  change.  For  example,  the  molecules 
of  water  consist  of  three  separate  atoms,  one  of  oxygen  and  two 
of  hydrogen  ;  any  change  which  water  can  be  made  to  undergo, 
in  which  these  three  atoms  still  remain  associated  together  as  the 
molecule,  is  a  physical  change.  The  water  may  be  converted  into 
ice,  or  it  may  be  changed  into  steam  ;  but  these  alterations  still 
leave  the  molecules  intact — the  three  atoms  still  remain  united  as 
an  unbroken  system,  and  so  long  as  this  is  the  case  chemical 
change  has  not  taken  place. 

Suppose  now  the  molecules  of  water  are  heated  to  a  much 
higher  temperature  than  that  which  is  necessary  to  convert  the 
water  into  steam,  by  passing  electric  sparks  through  the  steam. 
It  will  then  be  found  that  a  very  different  kind  of  change  has  come 
over  the  substance.  The  steam,  after  being  so  heated,  no  longer 
condenses  to  water  again  when  cooled ;  it  has  been  changed  into 
a  gas  which  can  be  bubbled  through  water  and  collected  in  an 
inverted  vessel  filled  with  water  standing  in  a  pneumatic  trough, 
and  if  a  flame  be  applied  to  this  gas  a  sharp  explosion  takes  place. 
The  change  in  this  case  is  a  chemical  change,  for  the  integrity 
of  the  molecules  of  water  has  been  destroyed.  The  two  atoms 
of  hydrogen  have  become  detached  from  the  oxygen  atom,  and 
the  original  triune  structure  of  the  system  is  destroyed. 

Atoms  are  therefore  defined  as  the  smallest  particles  of  matter 
which  can  take  part  in  a  chemical  change. 


CHAPTER   II 
ELEMENTS  AND   COMPOUNDS 

m 

There  are  certain  molecules  in  which  all  the  atoms  present  are 
of  the  same  kind,  and  there  are  other  molecules  which  are  com- 
posed of  atoms  which  differ  from  one  another.  Thus,  in  the 
substance  sulphur,  all  the  atoms  composing  the  molecules  are 
alike  ;  while  in  water,  ^s  already  mentioned,  there  are  two  distinct 
kinds  of  atoms  in  the  molecule.  Matter,  therefore,  is  divided  into 
two  classes,  according  as  to  whether  its  molecules  are  composed  of 
similar  or  of  dissimilar  atoms.  Molecules  consisting  of  atoms  of 
the  same  kind  are  termed  elementary  molecules^  and  substances 
whose  molecules  are  so  constituted  are  known  as  elements  ;  mole- 
cules, on  the  other  hand,  which  contain  dissimilar  elements  are 
called  compound  molecules^  and  substances  whose  molecules  are 
thus  composed  are  distinguished  as  compounds. 

Sulphur,  therefore,  is  an  element^  and  water  is  a  compound.  It 
will  be  evident  that  in  the  case  of  elementary  molecules,  whatever 
processes  they  may  be  subjected  to,  only  one  kind  of  matter  can 
be  obtained  from  them  ;  while  in  the  case  of  compounds,  the 
molecules  consisting  of  dissimilar  atoms,  as  many  different  kinds 
of  matter  can  be  obtained  as  there  are  different  atoms  present. 
By  appropriate  means  the  atoms  of  hydrogen  and  oxygen  in  water 
molecules  can  be  separated,  and  two  totally  different  kinds  of 
matter,  namely,  hydrogen  and  oxygen,  can  be  obtained  from  this 
compound. 

At  the  present  time  there  are  about  seventy  substances  known  to 
chemists  which  are  believed  to  be  elements.  In  the  history  of  the 
science  it  has  frequently  happened  that  substances  which  were 
considered  to  be  elements  have  proved,  when  subjected  to  new 
methods  of  investigation,  to  be  in  reality  compound  bodies  :  thus, 
prior  to  the  year  1783,  water  was  thought  to  be  an  elementary 
substance  ;  it  was  indeed  regarded  as  the  very  type  of  an  element, 
until  Cavendish  and  Lavoisier  proved  that  it  was  composed  of 
irely  different  kinds   of  matter.     In  the    year   1807  Sir 
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Humphry  Davy  showed  that  the  substances  known  as  potash 
and  soda,  which  were  believed  tp  be  elements,  were  in  reality 
compound  bodies,  and  he  succeeded  in  separating  the  constituent 
atoms  in  the  molecules  of  these  substances,  and  in  obtaining  from 
them  two  essentially  different  kinds  of  matter.  It  is  therefore 
quite  possible,  perhaps  even  probable,  that  some  at  least  of  the 
forms  of  matter  which  are  now  held  to  be  elements  may  yet  prove 
to  be  compound  bodies.  On  the  other  hand,  the  list  is  from  time 
to  time  extended  by  the  discovery  of  new  elements.  Thus  during 
the  last  few  years  at  least  five  new  members  have  been  added  to 
the  number. 

The  number  of  compounds  is  practically  infinite. 

The  elements  are  very  unequally  distributed  in  nature,  and  are 
of  very  different  degrees  of  importance  to  mankind.  Some  are 
absolutely  essential  to  life  as  it  is  constituted,  while  others  might 
be  blotted  out  of  creation  without,  so  far  as  is  known,  their  absence 
being  appreciated.  The  following  thirty  elements  include  all  the 
most  important  (for  the  complete  list  see  page  22)  : — 


Aluminium. 

Gold. 

Oxygen. 

Antimony. 

Hydrogen. 

Phosphorus 

Arsenic. 

Iodine. 

Platinum. 

Bismuth. 

Iron. 

Potassium. 

Bromine. 

Lead. 

Silicon. 

Calcium. 

Magnesium. 

Silver. 

Carbon. 

Manganese. 

Sodium. 

Chlorine. 

Mercury. 

Sulphur. 

Copper. 

Nickel. 

Tin. 

Fluorine. 

Nitrogen. 

Zinc. 

On  account  of  certain  properties  common  to  a  large  number  of 
the  elements,  and  more  or  less  absent  in  others,  properties  which 
are  for  the  most  part  physical  in  character,  the  elements  are 
divided  into  two  classes,  known  as  metals  and  non-metals.  The 
metals  generally  are  opaque,  and  their  smoothed  surfaces  reflect 
light  to  a  high  degree,  thus  giving  them  the  appearance  known  as 
metallic  lustre.*  They  also  conduct  heat  and  electricity.  Gold, 
silver,  copper,  iron,  are  metals ;  sulphur^  bromine,  oxygen,  phos- 
phorus, are  non-metals.  These  two  classes,  however,  gradually 
merge  into  one  another,  and  certain  elements  are  sometimes 
placed  in  one  division  and  sometimes  in  the  other,  depending 
upon  whether  the  distinction  is  based  more  upon  their  physical 
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or  their  chemical  properties  :  thus,  the  element  arsenic  possesses 
many  of  the  physical  properties  of  a  metal,  but  in  its  chemical 
relations  it  is  more  allied  to  the  non-metals ;  such  elements  as 
these  are  often  distinguished  by  the  name  metalloids.  The  follow- 
ing list  embraces  all  those  elements  which  by  common  consent 
are  regarded  as  non-metals  and  metalloids,  including  the  recently 
discovered  elements  of  the  argon  group,  which  are  here  printed  in 
italics  : — 


Arsenic. 

Fluorine. 

Phosphorus. 

Helium. 

Boron. 

Hydrogen. 

Selenium. 

Neon. 

Bromine. 

Iodine. 

Silicon. 

Argon. 

Carbon. 

Nitrogen. 

Sulphur. 

Krypton, 

Chlorine. 

Oxygen. 

Tellurium. 

Xenon. 

The  number  of  atoms  which  compose  the  various  elementary 
molecules  is  not  the  same  in  all  cases  :  thus  in  the  elements 
sodium,  potassium,  cadmium,  mercury,  and  zinc,  the  molecules, 
when  the  elements  are  in  a  state  of  vapour,  consist  of  only  one 
atom.  The  same  is  true  also  of  the  newly  discovered  elements  in 
the  last  column.  The  molecules  of  all  these  substances  are  single 
particles  of  matter.  The  terms  molecule  and  atom^  therefore,  as 
applied  to  these  elements,  are  synonymous.  Such  molecules  as 
these  are  called  mono-atomic  molecules.  In  many  cases  elemen- 
tary molecules  consist  of  two  atoms  ;  such  is  the  case  with  the 
elements  hydrogen,  bromine,  chlorine,  oxygen,  nitrogen,  and 
others.  Elementary  molecules  of  this  twin  or  dual  nature  are 
known  as  di-atomic  molecules.  Only  one  instance  is  known  in 
which  an  elementary  molecule  consists  of  a  trio  of  atoms,  namely, 
the  molecule  of  ozone,  which  is  an  aggregation  of  three  oxygen 
atoms.  This  molecule  is  said  to  be  tri-atomic.  In  two  cases, 
namely,  arsenic  and  phosphorus,  the  molecules  are  comp)osed  of 
a  quartette  of  atoms,  and  these  elements,  therefore,  are  said  to 
form  /^/r-/r/^w/V  molecules.  In  a  large  number  of  instances  the 
atomic  Constitution  of  the  molecule  of  the  elements  is  not  known. 
These  terms,  mono-atomic^  di-atomic,  &c.,  are  applied  exclu- 
sively to  molecules  of  elements,  and  are  not  used  in  reference 
to  compounds,  where  the  molecules  are  composed  of  dissimilar 
atoms. 

Mechanical  Mixtures. — When  molecules  of  different  kinds  of 
matter  are  brought  together,  one  of  two  results  may  follow  :  either 
they  will  merely  mingle  together  without  losing  their  identity,  that 
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is  to  say,  the  atoms  composing  the  individual  molecules  will  still 
remain  associated  together  as  before,  or  the  atoms  in  the  molecules 
of  one  kind  will  attach  themselves  to  certain  atoms  present  in 
molecules  of  another  kind  to  form  still  different  molecules  ;  in  other 
words,  there  will  be  a  redistributioi)  of  the  atoms,  whereby  diffe- 
rent systems  or  molecules  are  produced. 

In  the  first  case  the  result  is  said  to  be  a  simple  or  mechani- 
cal mixture,  in  the  second  it  is  the  formation  of  a  chemical 
compound. 

In  a  simple  mixture  the  ingredients  can  be  again  separated  by 
purely  mechanical  methods  ;  and  as  the  properties  of  a  substance 
are  the  properties  of  the  molecules  of  that  substance,  it  follows  that 
if  the  integrity  of  the  molecules  is  not  broken,  the  properties  of  a 
mechanical  mixture  will  be  those  of  the  ingredients.  For  example, 
oxygen  is  a  colourless  gas  without  taste  or  smell ;  hydrogen  also  is 
a  colourless  gas  without  taste  or  smell :  when  these  two  gases  are 
mixed  together,  the  mixture  is  gaseous,  is  colourless,  and  tasteless, 
and,  being  only  a  mixture,  the  molecules  of  one  gas  can  be  readily 
sifted  away  from  the  other. 

Again,  charcoal  is  a  black  solid,  insoluble  in  water  ;  sulphur  is  a 
yellow  solid,  also  insoluble  in  water  ;  nitre  is  a  white  solid,  readily 
dissolved  by  water :  when  these  three  substances  are  finely 
powdered  and  mixed  together,  the  result  is  a  mechanical  mixture, 
which  is  solid,  and  which  is  dark  grey  or  nearly  black  in  colour. 
If  this  mixture  be  placed  in  water,  the  nitre  is  dissolved  away  and 
the  charcoal  and  sulphur  are  left. 

When,  however,  the  integrity  of  the  molecules  is  disturbed, 
when,  by  bringing  together  molecules  of  different  substances,  a 
rearrangement  of  the  atoms  takes  place,  resulting  in  the  formation 
of  new  molecules,  then  it  is  said  that  chemical  action  has  taken 
place. 

Chemical  action,  therefore,  always  results  in  the  formation  of 
new  molecules — new  molecules  which  are  endowed  with  their 
own  special  properties,  differing  often  in  the  most  remarkable  and 
quite  inexplicable  manner  from  those  of  the  original  molecules. 
One  or  two  examples  may  be  quoted  in  order  to  illustrate  this 
extraordinary  modifying  effect  of  chemical  action.  The  two 
colourless  gases,  oxygen  and  hydrogen,  when  simply  mixed  to- 
gether, give  rise,  as  already  mentioned,  to  a  colourless,  gaseous 
mixture,  in  which  the  dual  molecules  of  hydrogen  and  the  simi- 
larly constituted  oxygen  molecules  move  about  freely  amongst 
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each  other.  By  suitable  means  chemical  action  may  be  made 
to  take  place  between  these  two  elements,  whereby  a  complete 
rearrangement  of  the  atoms  takes  place,  resulting  in  the  formation 
of  molecules  of  water — molecules  in  which,  as  has  been  already 
mentioned,  one  atom  of  oxygen  is  associated  with  two  atoms  of 
hydrogen.  The  product  of  the  chemical  action  is  therefore  water, 
while  both  the  forms  of  matter  of  which  it  is  composed  are 
gaseous. 

The  air  we  breathe,  and  which  is  necessary  to  life,  consists  of 
a  simple  mixture  of  two  colourless  gases,  viz.,  oxygen  and  nitrogen. 
When  chemical  action  takes  place  between  these  substances,  a 
brown-coloured  gas  is  produced  in  which  no  animal  or  vegetable 
life  could  exist  for  many  minutes,  on  account  of  its  suffocating 
nature. 

Common  salt,  which  is  a  white  solid  substance,  and  not  only 
harmless,  but  even  a  necessary  article  of  food,  contains  two  atoms 
in  its  molecules — one  an  atom  of  chlorine,  which  is  a  yellow  gas, 
intensely  suffocating  and  poisonous  ;  and  the  other  an  atom  of 
sodium,  a  soft,  silver-like  metal,  which  takes  fire  in  contact  with 
water. 

Why  it  is  that  a  molecule,  consisting  of  an  atom  of  chlorine  and 
an  atom  of  sodium  held  together  by  chemical  affinity,  should  be 
endowed  with  properties  so  totally  different  from  those  of  the 
contained  elements,  is  altogether  unknown  ;  and  similarly,  it  is 
quite  impossible  to  predicate  from  the  properties  of  any  compound 
what  are  the  particular  elements  of  which  it  is  composed.  Thus, 
sugar  is  a  white  crystalline  solid,  soluble  in  water,  and  possessing 
a  sweet  taste  ;  but  no  one  would  have  ventured  to  predict  that  the 
molecules  of  this  substance  were  composed  of  atoms  of  carbon 
{i.e.  charcoal),  a  black,  tasteless,  insoluble  solid ;  hydro^en^  a 
colourless,  tasteless  gas  ;  and  oxygen^  another  colourless,  taste* 
less  gas. 

Chemical  Affinity. — When  molecules,  consisting  of  two  atoms, 
say  A  B,  come  in  contact  with  molecules  consisting  of  other  two 
atoms,  C  D,  and  a  chemical  change  takes  place  resulting  in  the 
formation  of  new  molecules,  A  C  and  B  D,  the  question  naturally 
arises.  Why  does  the  atom  A  leave  the  atom  B  and  attach  itself  to 
C  ?  In  other  words,  what  determines  the  rearrangement  of  the 
atoms  into  new  molecules  ? 

At  present  no  exact  answer  can  be  given  to  this  question. 
Chemists  express  the  fact  by  saying  that  the  chemical  affinity 
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existing  between  A  and  C  is  greater  than  that  exerted  by  6  upon 
A.  This  remarkable  selective  power  possessed  by  the  atoms  of 
different  elements  lies  at  the  root  of  all  chemical  phenomena,  and 
it  differs  between  the  various  elements  to  an  extraordinary  degree. 
For  example,  the  atom  of  chlorine  possesses  a  very  powerful 
chemical  affinity  for  the  atom  of  hydrogen  :  when  hydrogen  mole- 
cules, which  consist  of  two  atoms,  are  mixed  with  chlorine  mole- 
cules, which  are  also  aggregations  of  two  atoms,  at  first  a  simple 
mechanical  mixture  is  obtained,  the  two  different  kinds  of  mole- 
cules move  amongst  each  other  without  undergoing  change.  On 
very  small  provocation,  however,  the  affinity  of  the  hydrogen  atoms 
for  the  chlorine  atoms  can  be  caused  to  exert  itself;  by  merely 
momentarily  exposing  the  mixture  to  sunlight  a  complete  redistri- 
bution of  the  atoms  suddenly  takes  place  with  explosive  violence 
and  new  molecules  are  formed,  each  containing  one  atom  of 
hydrogen  and  one  atom  of  chlorine. 

Again,  an  atom  of  nitrogen  is  capable  of  associating  itself  in 
chemical  union  with  three  atoms  of  the  element  chlorine,  forming 
a  compound  whose  molecules  therefore  contain  four  atoms.  The 
chemical  affinity  between  the  atoms  of  chlorine  and  nitrogen  is 
so  feeble,  the  system  is,  so  to  speak,  in  a  state  of  such  unstable 
equilibrium,  that  the  very  slightest  causes  are  sufficient  to  instantly 
separate  the  atoms  in  the  most  violently  explosive  manner,  and 
so  break  up  the  compound  molecule  into  separate  molecules  of 
chlorine  and  nitrogen.  In  this  case  the  affinity  between  one 
chlorine  atom  and  another  chlorine  atom  is  greater  than  that 
between  chlorine  and  nitrogen,  consequently  the  redistribution 
that  results  is  of  the  op()osite  order  to  that  of  the  former 
example. 

As  a  rule,  those  elements  which  the  more  closely  resemble  each 
other  in  their  chemical  habits  have  the  least  affinity  for  each  other, 
while  the  greatest  affinity  usually  exists  between  those  which  are 
most  dissimilar. 

Chemieal  Action. — The  actual  process  of  redistribution  of  the 
atoms  that  takes  place  when  molecules  of  different  kinds  of  matter 
are  brought  together  is  called  chemical  action.  In  many  cases 
chemical  action  takes  place  when  the  substances  are  merely 
brought  together,  while  in  others  it  is  necessary  to  expose  the 
bodies  to  the  influence  of  some  external  energy  :  thus  chemical 
action  is  brought  about  in  a  great  number  of  instances  by  the 
application  of  heat  to  the  substances.     In  some  cases  the  influence 
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of  light  has  the*  effect  of  causing  chemical  action  to  take  place ; 
for  example,  when  the  gases  chlorine  and  hydrogen  are  mingled 
together,  no  chemical  action  takes  place  in  the-  dark,  but  on 
exposing  the  mixture  to  light  the  hydrogen  and  chlorine  combine, 
and  form  the  compound  hydrochloric  acid.  It  is  upon  the  effect 
of  light  in  causing  chemical  action  to  take  place  that  the  art 
of  photography  depends. 

Chemical  action  may  sometimes  be  induced  by  the  influence  of 
pressure  ;  thus,  when  the  two  gases,  hydrochloric  acid  and  phos- 
phoretted  hydrogen,  are  subjected  to  increased  pressure  they 
combine  together  to  form  a  crystalline  solid  compound  known  as 
phosphonium  chloride.  In  the  same  way,  by  very  great  mechanical 
pressu/e,  a  mixture  of  powdered  lead  and  siilph'ur  can  be  caused 
to  combine  together,  when  they  form  the  compound,  lead  sulphide. 
There  are  also  a  number  of  chemical  actions  that  are  only  able 
to  proceed  in  the  presence  of  small  quantities  (often  extremely 
small)  of  a  third  substance,  which  itself  remains  unchanged  at  the 
conclusion  of  the  action.  These  cases  are  generally  included 
under  the  name  of  r<i/«/y//V  actions  :  in  some  of  them  the  modus 
operandi  of  the  third  substance  can  be  traced  (see  Oxygen,  Modes 
of  Formation ;  also  Chlorine,  Deacon's  Process),  while  in  others 
it  is  not  understood.  Thus  it  is  found  that  a  number  of  chemical 
actions  are  quite  unable  to  take  place  if  the  materials  are  abso- 
lutely dry  ;  for  example,  the  element  chlorine  has  a  powerful 
affinity  for  the  metal  sodium,  and  when  these  substances  are 
brought  together  under  ordinary  conditions,  chemical  action  in- 
stantly takes  place,  and  the  compound  known  as  sodium  chloride 
(common  salt)  is  produced.  If,  however,  every  trace  of  moisture 
be  perfectly  removed  from  both  the  sodium  and  the  chlorine,  no 
action  between  these  elements  takes  place  when  they  are  brought 
together,  and  so  long  as  they  remain  in  this  state  of  perfect  dryness 
no  chemical  change  takes  place.  The  admission  into  the  mixture 
of  the  minutest  trace  of  the  vapour  of  water,  however,  at  once 
induces  chemical  action  between  the  chlorine  and  the  sodium,  but 
the  exact  part  that  the  trace  of  moisture  plays  in  producing  this 
effect  is  not  known  with  certainty.    (See  also  foot-note,  page  89.) 

A  few  interesting  cases  are  known  in  which  chemical  action  is 
brought  about  by  the  vibration  caused  by  a  loud  sound  or  note  ; 
for  example,  the  molecules  of  the  gas  acetylene  consist  of  two 
atoms  of  carbon  associated  with  two  of  hydrogen.  When  a  quantity 
of  this  gas  is  exposed  to  the  report  produced  by  the  detonation  of 
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mercury  fulminate,  the  mere  shock  of  the  explosion  causes  a  re- 
distribution of  the  atoms  whereby  solid  carbon  is  deposited  and 
hydrogen  set  free.  We  may  suppose  that  the  particular  vibration 
produced  by  the  detonation  of  the  fulminate  exercises  a  disturbing 
effect  upon  the  motions  of  the  atoms  constituting  the  molecules  of 
acetylene,  and  thereby  causes  them  to  swing  beyond  the  sphere  of 
.  their  mutual  attractions,  and  thus  the  system  undergoes  disruption 
and  rearrangement. 

All  known  instances  of  chemical  action  can  be  referred  to  one 
of  three  modes,  in  which  the  rearrangement  of  the  atoms  can  take 
place. 

(i.)  By  the  direct  union  of  two  molecules  to  form  a  more 
complex  molecule.  Thus,  if  CO  and  CI  CI  represent  two  mole- 
cules between  which  chemical  action  takes  place  according  to 
this  mode,  they  unite  to  form  a  molecule  containing  the  four 
atoms  COCICI. 

(2.)  By  an  exchange  of  atoms  taking  place  between  different 
molecules.  In  its  simplest  form  this  is  illustrated  in  the  action 
of  one  element  upon  another  to  form'  a  compound.  Thus,  if  H  H 
and  ClCl  stand  for  two  elementary  molecules  between  which 
chemical  action  takes  place,  the  result  is  the  formation  of  the  two 
molecules  HCl  HCl.  Such  a  process  as  this,  in  which  a  com- 
pound substance  is  produced  directly  from  the  elements  which 
compose  it,  is  termed  synthesis. 

The  same  mode  of  chemical  action  may  also  be  exemplified  by 
the  exact  opposite  to  this  process,  namely,  the  resolution  of  a 
compound  into  its  constituent  elements.  Thus,  if  OHH  OHH 
represent  two  molecules  of  the  same  compound,  when  chemical 
action  takes  place  it  will  result  in  the  formation  of  the  three 
elementary  molecules  OO,  HH,  and  HH.  Such  a  process  as 
this,  in  which  a  compound  is  resolved  into  its  elements,  is  known 
as  analysis, 

(3.)  By  a  rearrangement  of  the  atoms  contained  in  a  molecule. 
There  are  a  number  of  instances  of  chemical  change,  in  which  the 
molecules  of  the  substance  do  not  undergo  any  alteration  in  their 
composition — that  is  to  say,  no  atoms  leave  the  molecule,  nor  are 
any  added  to  it  The  molecule  still  consists  of  the  same  atoms 
after  the  change  as  it  did  before,  but  the  chemical  action  has 
caused  them  to  assume  new  relative  positions,  or  different  relative 
motions  with  respect  to  each  other.  For  example,  the  substances 
known  to  chemists  as  ammonium  cyanate  and  urea  are  two  totally 
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different  and  distinct  kinds  of  matter.  These  molecules,  however, 
each  contain  the  same  atoms  and  in  the  same  number  ;  they  each 
consist  of  aggregations  of  one  atom  of  carbon,  one  atom  of  oxygen, 
two  atoms  of  nitrogen,  and  four  atoms  of  hydrogen.  When  am- 
monium cyanate  is  gently  warmed,  the  eight  atoms  composing 
the  molecules  undergo  this  process  of  rearrangement,  and  the 
substance  is  changed  into  urea. 


CHAPTER  III 
CHEMICAL  NOMENCLATURE 

The  names  which  have  been  given  to  the  various  elementary  forms 
of  matter  are  not  based  upon  any  scientific  system.  The  names  of 
some  have  their  origin  in  mythology.  Others  have  received  names 
which  are  indicative  of  some  characteristic  property,  while  those  of 
several  bear  reference  to  some  special  circumstance  connected  with 
their  discovery.  It  has  been  the  custom  in  modem  times  to  dis- 
tinguish metals  from  non-metals  by  applying  to  the  former  names 
ending  in  the  letters  umy  and  consequently  such  metals  as  are  of 
more  recent  discovery  all  have  names  with  this  termination.  The 
common  metals,  however,  which  have  been  known  since  earlier 
times,  such  as  gold,  silver,  tin,  and  copper,  keep  their  old  names. 
The  two  elements  selenium  and  tellurium  were  at  the  time  of  their 
discovery  thought  to  be  metals,  and  they  consequently  received 
names  with  the  terminal  um ;  these  substances  strongly  resemble 
metals  in  many  of  their  physical  properties,  but  in  their^hemical 
relations  they  are  so  closely  similar  to  the  non-metal  sulphur,  that 
they  are  by  general  consent  classed  among  the  non-metals  ;  they  are 
examples  of  those  elements  which  are  distinguished  as  metalloids. 
On  this  account  selenium  is  by  some  chemists  termed  selenion. 

In  naming  chemical  compounds,  the  chemist  endeavours  that 
the  names  employed  shall  -not  only  serve  to  identify  the  sub- 
stances, but  shall  as  far  as  possible  indicate  their  composition. 
The  simplest  chemical  compounds  are  those  composed  of  only 
two  different  elements  ;  such  are  spoken  of  as  binary  compounds* 
and  their  names  are  made  up  of  the  names  of  the  two  elements 
composing  them,  thus — 

*  This  expression  is  now  sometimes  used  in  a  somewhat  modified  sense. 
Thus  in  the  language  of  the  ionic  theory  (p.  io6)  the  term  binary  compound  is 
used  to  denote  a  substance  which  dissociates  into  two  ions,  quite  irrespective 
of  the  number  of  elements  it  may  contain.  It  is  to  be  regretted  that  under 
these  circumstances  a  new  word  was  not  coined  to  denote  the  newer  idea. 
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The  compound  formed  by  the  chemical  union  of — 

Hydrogen  with  sulphur  is  called  hydrogen  sulphide. 


Sodium 
Copper 
Calcium 
Potassium 


f » 


>» 


M 


»» 


chlornte*- 
oxygen 
fluorine 
iodine 


sodium  chloride, 
copper  oxide.' 
calcium  fluoride, 
potassium  iodide. 

that  the  same  two  elements 


It  continually  happens,  however, 
combine  together  in  more  than  one  proportion,  giving  rise  to  as 
many  different  compounds,  in  which  case  it  becomes  necessary  to 
so  modify  the  names  that  each  of  the  compounds  may  be  dis- 
tinguished. This  is  accomplished  by  the  use  of  certain  terminal 
letters  or  of  certain  prefixes;  for  example,  the  element  phos- 
phorus combines  with  chlorine  in  two  proportions,  forming  two 
different  compounds — in  one  the  molecules  contain  one  atom  of 
phosphorus  united  to  three  atoms  of  chlorine,  in  the  other  the 
molecules  consist  of  one  atom  of  phosphorus  associated  with  five 
of  chlorine.  These  two  compounds  may  be  distinguished  in  the 
following  ways  : — 

I  atom  of  phosphorus  with  3  atoms  of  chlorine  forms  phosphorc;2/j  chloride. 
1         ,,  .,  ,,  5        ,,  ,,  .,  phosphorrV  chloride. 


or- 


I  atom  of  phosphorus  with  3  atoms  of  chlorine  forms  phosphorus  /^chloride. 
I        ..  ..  ,,         5        ,,         ,,  .,         phosphorus /^n/achloride. 


tt 


The  latter  method  of  distinction  is  the  more  general,  thus — 

X  atom  of  sulphur  with  a  atoms  of  oxygen  forms  sulphur  dioxide. 

I        3        ,         sulphur  trioxide. 

X  atom  of  carbon  with  i  atom  of  oxygen  forms  cart)on  monoxide. 
I        ,,        ,,        ,»        2  atoms        ,,         ,,         cart>on  dioxide. 

Occasionally  the  prefixes  sub  and  proto  are  employed  to  denote 
these  differences  of  composition,  but  their  use  is  more  limited,  and 
is  becoming  out  of  vogue.  When  more  than  two  compounds  are 
formed  by  the  union  of  the  same  two  elements,  the  additional 
prefixes  hypo^  under,  and  per^  over,  are  sometimes  used. 

In  a  considerable  number  of  instances  the  systematic  names  of 
familiar  compounds  give  way  to  the  vulgar  or  common  names  by 
which  they  are  known,  thus — • 

(Ammonia      .        .  Hydrogen  nitride       "j 

Hydrochloric  acid  .  Hydrogen  chloride     I  Systematic 

Sulphuretted  hydrogen .  Hydrogen  sulphide    j     names. 

Water  .         .         ,         ,  Hydrogen  monoxide/ 
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Binary  compounds  that  are  formed  by  the  union  of  glemftpts  with 
oxygen  are  called  the  oxides  of  those  elements.  Certain  of  these 
oxides  are  capable  oTehferlng  Into  combination  with  water,  giving 
rise  to  substances  known  as  acids;  such  oxides  are  distinguished 
as  acid-forming  oxides^  or  acidic  oxides.  They  are  also  some- 
times termed  anhydrides.  All  the  non-metallic  elements,  except 
hydrogen  and  the  members  of  the  argon  group,  form  oxides  of  this 
order,  and  the  acids  derived  from  them  are  known  as  the  oxy-acids. 

Certain  other  oxides  also  unite  with  water,  but  give  rise  to  com- 
pounds known  as  hydroxides.  When  such  oxides,  which  are  all 
derived  from  the  metallic  elements,  are  brought  into  contact  with 
acids,  chemical  union  takes  place,  and  a  compound  termed  a  salt 
is  formed.  Such  oxides  are  distinguished  as  salt-forming  or 
basic  oxides.  There  are  also  oxides  which  are  neither  acidic  nor 
basic.  The  names  of  oxy-acids  are  derived  from  the  name  of  the 
particular  oxide  from  which  they  are  formed,  thus — 

Carbon  dioxide  gives  carbonic  acid. 
Silicon  dioxide      „      silicic  acid. 

When  the  same  element  forms  two  acid-forming  oxides,  the 
terminals  ic  and  ous  are  applied  to  the  acids  to  denote  respectively 
the  one  with  the  greater  and  the  less  proportion  of  oxygen,  thus — 

Sulphur  /nbxide  gives  sulphur/V  acid. 
Sulphur  ///oxide  gives  sulphur^t/x  acid. 
Nitrogen /////oxide  gives  nitr/V  acid. 
Nitrogen  /rrbxide  gives  Vi\\xous  acid. 

When  more  than  two  such  acids  are  known,  the  additional 
prefixes  hypo  or  per  are  made  use  of.  Thus  /rrsulphuric  acid 
denotes  an  acid  containing  the  highest  quantity  of  oxygen,  while 
>ij^nitrous  acid  stands  for  an  acid  containing  less  oxygen  than  is 
present  in  nitrous  acid. 

There  is  a  class  of  binary  compounds  formed  by  the  combination 
of  a  large  number  of  the  elements  with  sulphur  ;  these  are  known  as 
sulphides.  Certain  of  these  sulphides  are  also  capable  of  forming 
acids  which  are  analogous  in  their  constitution  to  oxy-acids,  but  in 
which  the  oxygen  atoms  are  substituted  by  atoms  of  sulphur. 
These  acids  are  known  as  thio  acids  (sometimes  sulpho  acids), 
and  the  same  system  of  nomenclature  is  adopted  to  distinguish 
these  :  thus  we  have  thio-arseni&//j  acid,  thio-arseni^  acid,  denoting 
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respectively  the  acid  with  the  smaller  and  the  larger  proportion  of 
sulphur. 

It  was  at  one  time  believed  that  all  acids  contained  oxygen,  that 
indeed  this  element  was  essential  to  an  acid.  The  name  oxygen 
indicates  this  belief,  the  word  signifying  "the  acid-producer." 
This  view  is  now  seen  to  have  been  incorrect,  for  many  acids  are 
known  in  which  oxygen  is  not  one  of  the  constituents.  Thus  the 
elements  fluorine,  chlorine,  bromine,  and  iodine,  which  constitute 
the  so-called  Halogen  group  of  elements,  each  combines  with 
hydrogen,  giving  rise  respectively  to  hydrofluoric,  hydrochloric, 
hydriodic,  and  hydrobromic  acids. 

All  known  acids  contain  hydrogen  as  one  of  their  constituents. 

As  already  stated,  when  chpmical  action  takes  place  between  an 
acid  and  a  base*  a  salt  is  formed.  Oxy- acids  in  this  way  give  rise 
to  oxy-salts,  thio-acids  to  thio-salts,  and  halogen  acids  to  haloid 
salts. 

The  latter  salts  being  binary  compounds,  their  names  are  given 
according  to  the  system  already  explained,  such,  for  example,  as 
calcium  fluoride,  sodium  chloride,  potassium  bromide,  silver  iodide. 

In  the  case  of  the  oxy-salts  and  thio-salts,  the  names  are  made 
up  from  the  names  of  the  acid  and  of  the  metal  contained  in  the 
base,  with  the  addition  of  certain  distinctive  suflixes  :  thus  if  the 
acid  be  one  whose  name  carries  the  terminal  ous^  its  salts  will  be 

*  The  word  base  is  unfortunately  employed  by  different  chemists  in  different 
senses,  so  that  it  is  scarcely  possible  to  g^ve  a  precise  definition  of  it  Originally, 
no  doubt,  the  term  was  employed  simply  to  denote  the  idea  of  foundation,  and 
was  applied  to  the  metal  or  the  oxide  of  the  metal  entering  into  the  composition 
of  a  salt ;  which  being  the  more  tangible  constituent  was  thus  regarded  as  the 
more  important  one,  or  the  basis  of  the  salt.  At  the  present  day  the  word 
base  is  used  in  inorganic  chemistry  chiefly  to  denote  that  class  of  compounds 
described  on  page  17  as  hydroxides^  while  the  oxides  from  which  these 
hydroxides  are  derived  are  spoken  of  as  basic  oxides.  Besides  this  class,  it 
includes  ammonia  and  a  few  other  compounds  which  lik^  ammonia  are  not 
derived  from  metallic  oxides.  The  organic  chemist,  on  the  other  hand,  regards 
ammonia  as  the  true  type  of  a  base ;  and  all  organic  compounds  which  can  be 
regarded  as  "  derivatives  "  of  ammonia  are  called  bases.  Not  only  so,  but  the 
term  is  even  extended  so  as  to  include  similar  "  derivatives  "  of  the  phosphorus, 
arsenic  and  antimony  analogues  of  ammonia,  thus  giving  rise  to  the  expressions 
nitrogen  bases,  phosphorus  bases,  &c. 

Again,  in  the  language  of  the  modem  theory  of  ionic  dissociation,  a  base  is 
defined  as  a  compound  in  which  the  only  negative  ions  are  the  hydroxide  ions 
(page  107).  This  definition  includes  the  class  of  hydroxides  above  mentioned, 
but  does  not  include  ammonia  gas. 
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distinguished  by  the  suffix  ite^  while  the  names  of  the  salts  derived 
from  acids  whose  names  end  in  ic  are  terminated  by  the  letters 
ate, 

'^\\xous  acid  and  potassium  oxide  give  potassium  vXXxiie. 
Sulphur^/zj  acid  „  „  „         sulph/V^. 

Nitr/Vacid  „  „  „         lixKiate. 

Sulphur/V  acid  „  „  „        sulph/r/^. 

The  formation  of  a  salt  by  the  action  of  an  acid  upon  a  base  is 
due  to  the  redistribution  of  the  atoms  composing  the  molecules  of 
the  two  compounds,  in  such  a  manner  that  some  or  all  of  the 
hydrogen  atoms  in  the  acid  molecules  exchange  places  with  certain 
metallic  atoms  from  the  molecules  of  the  base.  Acids  which  con- 
tain only  one  atom  of  hydrogen  so  capable  of  becoming  exchanged 
for  a  metal  are  termed  monobasic  acids  ;  those  with  two,  three,  or 
four  such  hydrogen  atoms  are  distinguished  respectively  as  di-basic^ 
tri'hasic^  and  tetra-basic  acids. 

If  the  wliole  of  the  displaceable  hydrogen  in  an  acid  becomes 
replaced  by  the  base,  the  *salt  formed  is  known  as  a  normal  salt. 
On  the  other  hand,  when  only  a  portion  of  the  hydrogen  atoms 
is  displaced  by  the  base,  the  salt  is  distinguished  as  an  a^ia 
salt.  Thus  sulphuric  acid  contains  two  atoms  of  hydrogen  in  its 
molecule  (associated  with  one  of  sulphur  and  four  of  oxygen) ;  if 
both  the  hydrogen  atoms  are  exchanged  for  potassium,  the  salt 
obtained  is  normal  potassium  sulphate^  and  when  only  one  is  so 
replaced  the  salt  is  known  as  acid  potassium  sulphate.  By  the 
term  acid  salty  therefore,  must  be  understood  not  a  substance 
having  the  familiar  properties  of  an  acid,  such  as  a  sour  taste  and 
the  power  to  redden  litmus,  but  a  salt  in  which  one  or  more  of  the 
hydrogen  atoms  of  the  original  acid  are  still  left  in  the  molecule.* 
It  is  quite  true  that  some  of  the  salts  of  this  class  do  possess  acid 
qualities  and  will  redden  litmus,  but  this  is  due  to  what  may  be 
regarded  as  merely  the  accidental  circumstance  of  the  acidic 
portion  of  the  molecule  being  derived  from  a  strong  acid.  Many 
substances  belonging  to  the  class  o{  acid  salts  are  perfectly  neutral 
in  their  behaviour  towards  litmus,  while,  on  the  other  hand,  some 
are  strongly  alkaline.   For  example,  acid  potassium  sulphate  is  acid 

*  Some  chemists  prefer  to  regard  the  acids  themselves  as  the  hydrogen  salts ; 
accordingly  they  apply  to  nitric  acid,  sulphuric  acid,  nitrons  acid,  sulphurous 
acid,  &C.,  the  names  hydrogen  nitrate,  hydrogen  sulphate,  hydrogen  nitrite, 
hydrogen  sulphite,  &c. ,  respectively. 
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to  test  paper,  €u:id  calcium  carbonate  is  neutral,  while  acid  sodium 
carbonate  is  alkaline. 

A  third  class  of  salts  is  formed  by  the  association  of  one  or 
more  molecules  of  normal  salt,  with  one  or  more  additional  mole- 
cules of  the  base  :  these  are  known  as  basic  salts.  Thus,  carbonic 
acid  and  the  base  lead  hydroxide  form  such  a  salt  known  as  basic 
lead  carbonate. 


CHAPTER   IV 

CHEMICAL    SYMBOLS 

Chemists  are  agreed  in  adopting  certain  symbols  to  denote  the 
atoms  of  the  various  elementary  forms  of  matter.  The  table  on 
page  22  contains  the  names  of  the  elements  at  present  recognised, 
and  in  the  second  column  are  given  the  symbols  which  are  em- 
ployed to  represent  their  atoms.  The  names  of  the  rare  elements 
are  printed  in  italics. 

In  a  number  of  instances  the  atomic  symbol  is  the  initial  letter 
of  the  ordinary  name  of  the  element  :  thus  Boron,  B  ;  Carbon,  C  ; 
Fluorine,  F  ;  Hydrogen,  H  ;  Oxygen,  O  ;  Sulphur,  S. 

When  more  than  one  element  has  the  same  initial,  either  the 
first  two  letters  of  the  name,  or  the  first  and  another  that  is  pro- 
minently heard  in  pronouncing  the  word  are  employed,  as  Bromine, 
Br ;  Cobalt,  Co ;  Chlorine,  CI ;  Platinum,  Pt.  In  some  cases 
letters  taken  from  the  Latin  names  for  the  elements  are  used,  such 
as  Antimony  (5/i^/i///i),  Sb  ;  Gold  (//i/n/w),  Au  ;  Silver  (^r^<f«/i////), 
Ag  ;  Lead  {Plumbum\  Pb  ;  and  Iron  {herrum\  Fe. 

These  symbols  are  not  intended  to  be  employed  as  mere  short- 
hand signs,  to  be  substituted  as  abbreviations  for  the  full  names 
of  the  elements,  but  in  every  case  they  denote  one  atom  of  the 
element  The  symbol  H  stands  for  one  atom  of  hydrogen,  the 
symbol  O  stands  for  one  atom  of  oxygen  ;  CI  means  one  atom  of 
chlorine,  and  Ag  represents  one  atom  of  silver.  No  other  use  of 
these  symbols  is  legitimate. 

It  has  been  already  mentioned  (page  8)  that  the  molecules  of 
the  different  elements  are  composed  of  different  numbers  of  atoms  ; 
for  example,  the  molecule  of  hydrogen  consists  of  two  atoms,  and 
ordinary  oxygen  also  forms  diatomic  molecules.  These  facts  are 
expressed  in  chemical  notation  by  the  use  of  small  numerals  placed 
immediately  after  the  symbol  of  the  atom,  thus  H 2  denotes  a  mole- 
cule of  hydrogen,  O.^  a  molecule  of  oxygen.  The  molecule  of  ozone 
consists  of  an  aggregation  of  three  atoms  of  oxygen,  and    is 
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represented  by  the  symbol  O3,  while  the  tetr-atomic  character  of 
the  phosphorus  molecule  is  expressed  in  the  symbol  P4.  The 
composition  of  compound  molecules  is  expressed  by  placing  the 
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symbols  of  the  atoms  which  compose  such  molecules  in  juxta- 
position :  thus  a  molecule  consisting  of  one  atom  of  sodium  (symbol 
Na)  and  one  atom  of  chlorine  (symbol  CI)  is  represented  by  the 
united  symbols  of  these  two  elements,  NaCl ;  a  compound  con- 
sisting of  one  atom  of  carbon  and  one  atom  of  oxygen  by  the 
symbols  of  these  two  atoms,  CO.  Such  arrangements  of  symbols 
representing  molecules  are  termed  molecular  formula^  or,  simply, 
formula. 

When  the  molecule  contains  more  than  one  atom  of  any  parti- 
cular element,  this  fact  is  indicated  by  the  use  of  numerals  placed 
immediately  after  the  symbol  to  be  multiplied  :  thus,  a  molecule  of 
water  consists  of  two  atoms  of  hydrogen  and  one  atom  of  oxygen, 
\}\^  formula  for  water  is  therefore  H  jO.  One  molecule  of  ammonia, 
consisting  of  an  atom  of  nitrogen  with  three  atoms  of  hydrogen, 
is  represented  by.the  formula  NH3 ;  and  a  molecule  of  sulphuric 
acid,  which  is  an  aggregation  of  two  atoms  of  hydrogen,  one 
atom  of  sulphur,  and  four  atoms  of  oxygen,  has  the  formula 
H2SO4. 

It  is  sometimes  necessary  to  represent  the  presence  in  a  mole- 
cule of  certain  groups  of  atoms,  groups  which  seem  to  hold  together 
and  often  to  function  as  a  single  atom.  This  is  accomplished  by 
the  use  of  brackets  :  thus  (NH4)2S04  is  the  formula  for  a  molecule 
containing  one  atom  of  sulphur,  four  atoms  of  oxygen,  eight  atoms 
of  hydrogen,  and  two  atoms  of  nitrogen  ;  the  nitrogen  and  hydrogen 
atoms  being  present  as  two  groups,  in  each  of  which  one  nitrogen 
atom  is  associated  with  four  hydrogen  atoms.  Such  groups  of 
atoms  are  termed  com)>ound  radical^\ 

When  it  is  required  to  indicate  more  than  one  molecule  of  the 
same  substance,  numerals  are  placed  immediately  in  front  of  the 
formula  :  thus  ^Wfi  signifies  two  molecules  of  water,  and  SNH, 
expresses  three  molecules  of  ammonia. 

By  means  of  these  symbols  and  formulas,  chemists  are  enabled 
to  represent,  in  a  concise  manner,  the  various  chemical  changes 
which  it  is  the  province  of  chemistry  to  examine.  Such  changes 
are  usually  termed  chemical  reactions^  and  they  are  represented 
in  the  form  of  equations  in  which  the  symbols  and  formulae  of 
the  reacting  substances  as  they  are  before  the  change  are  placed 
on  the  left,  and  those  of  the  substances  which  result  from  the 
change  upon  the  right,  thus — 

H2  +  Cl2=2HCl 
HgCl2-l-2KI  =  Hgl2  +  2KCl. 
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The  sign  +  has  a  different  significance  as  used  on  the  left  side 
of  the  equation  to  that  which  it  bears  upon  the  right  On  the 
left  hand  it  implies  that  chemical  action  takes  place  between  the 
substances,  while  on  the  opposite  side  it  has  the  simple  algebraic 
meaning.  Thus,  the  second  of  the  above  equations  is  understood 
to  mean,  that  when  the  compounds,  mercuric  chloride  and  potassium 
iodide,  are  brought  together  in  such  a  way  that  chemical  action 
results,  a  redistribution  of  the  atoms  will  take  place,  resulting  in 
the  formation  of  mercury  iodide  and  also  potassium  chloride. 

As  further  illustrations  of  the  use  of  chemical  symbols,  the 
following  three  examples  may  be  given  as  exemplifying  the  three 
modes  of  chemical  action  mentioned  on  page  13  : — 

(i)  NH3+HC1  =  NH4CI. 

Ammonia  combines  with  hydrochloric  acid,  and. gives  ammonium 
chloride. 

(2)  H2SO4  +  NajCOa  =  Na^SO^  +  CO,  +  HgO. 

Sulphuric  acid  combines  with  normal  sodium  carbonate,  and  gives 
normal  sodium  sulphate,  carbon  dioxide,  and  water. 

(3)(CN)0(NH4)  =  (NHj^2CO. 

Ammonium  cyanate  is  converted  into  urea. 

In  all  cases  where  the  nature  of  the  chemical  change  is  under- 
stood, it  is  capable  of  expression  by  such  equations,  and  as  matter 
is  indestructible,  every  atom  present  in  the  interacting  molecules 
upon  the  left  of  the  expression  reappears  on  the  right-hand  side 
in  some  fresh  association  of  atoms.* 

•  Sec  also  Chemical  Notation,  chapter  vii. 
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CHAPTER  V 

THE  ATOffiC  THEORY 

The  atomic  view  as  to  the  constitution  of  matter,  briefly  sketched 
out  in  Chapter  I.,  forms  a  part  of  what  is  to-day  known  as  the 
atomic  theory. 

When  chemical  changes  were  carefully  studied  from  a  quantita- 
tive standpoint,  four  laws  were  discovered  in  obedience  to  which 
chemical  action  takes  place.  These  laws  are  distinguished  as 
the  laws  of  chemical  combination.  Three  of  these  generalisations 
refer  to  quantitative  relations  as  respects  weight;  while  one  ex- 
presses quantitative  relations  with  regard  to  volume^  and  only 
relates  to  matter  in  the  gaseous  state. 

I.  Law  of  Constant  PropOPtion.— T'A^  same  compoutui  always 
contains  the  same  elements  combined  together  in  the  same  proportion 
by  weight;  or  expressed  in  other  words.  The  weights  of  the  con- 
stituent elements  of  every  compound  bear  an  unalterable  ratio  to 
each  other ^  and  to  the  weight  of  the  compound  formed, 

II.  Law  of  Multiple   Proportions.— /i^>*^«   the  same  two 

elements  combine  together  to  form  more  than  one  compound^  the 
different  weights  of  one  of  the  elements  which  unite  with  a  constant 
weight  of  the  other  bear  a  simple  ratio  to  one  another;  or  this  law 
may  be  stated  thus :  When  one  element  unites  with  another  in 
two  or  more  different  proportions  by  weighty  these  proportions  are 
simple  multiples  of  a  common  factor, 

III.  Law  of  Reciprocal  Proportions,  or  Law  of  Equivalent 

Proportions.  ^-7'A^  weights  of  different  elements  which  combine 
separately  with  one  and  the  same  weight  of  another  element^  are 
either  the  same  aSy  or  are  simple  multiples  of  the  weights  of  these 
different  elements  which  combine  with  each  other;  or  in  other 
words,  The  relative  proportions  by  weight  in  which  the  elements^ 
Ay  By  Cy  l)y  &»c.  y  comblnc  with  a  constant  weight  of  another 
elementy  X,  are  the  same  for  their  combinations  with  any  other 
elementy  Y, 
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IV.  Law  of  Gaseous  Volumes,  or  The  Law  of  Gay-Lussac. 

—  When  chemical  action  takes  place  between  gases^  either  elements 
or  compounds,  the  volume  of  the  gaseous  product  bears  a  simple 
relation  to  the  volumes  of  the  reacting  gases. 

These  four  laws  are  the  foundations  upon  which  the  whole 
superstructure  of  modern  chemistry  rests. 

(i.)  The  Law  of  Constant  Proportions.— When  two  sub- 
stances are  mingled  together,  and  remain  as  a  mere  mechanical 
mixture,  they  may  obviously  be  present  in  any  proportion,  and  it 
was  at  one  time  thought  that  when  two  substances  entered  into 
chemical  combination  with  each  other,  they  could  do  so  also  in 
any  proportion,  and  that  the  composition  of  the  resulting  com- 
pound would  vary  from  this  cause.  This  belief  was  finally 
disproved,  and  the  law  of  constant  proportions  definitely  estab- 
lished by  Proust  in  the  year  1806.  The  same  compound,  therefore, 
however  made,  and  from  whatever  source  obtained,  is  always 
found  to  contain  the  same  elements  united  together  in  the  same 
proportion  by  weight.  Thus,  common  salt,  or,  to  adopt  its 
systematic  name,  sodium  chloride,  which  is  a  compound  of  the 
two  elements  sodium  and  chlorine,  may  be  made  by  bringing  the 
metal  sodium  into  contact  with  chlorine  gas,  when  the  two 
elements  unite  and  form  this  compound.  It  can  also  be  made 
by  the  action  of  hydrochloric  acid  upon  the  metal  sodium,  or  by 
adding  hydrochloric  acid  to  sodium  carbonate,  and  by  a  variety 
of  other  chemical  reactions.  When  the  sodium  chloride  obtained 
by  any  or  all  of  these  processes  is  analysed,  it  is  invariably  found 
to  contain  the  elements  chlorine  and  sodium  in  the  proportion  by 
weight  of  I  :a6479,  or,  expressed  centesimally — 

Sodium       .        .     39.32 
Chlorine     .        .    60.68 


100.00 


and  when  this  is  compared  with  the  sodium  chloride  as  found  in 
nature,  obtained  either  from  the  salt-mines  of  Cheshire,  or  the 
celebrated  mines  in  Galicia,  or  by  evaporating  sea-water,  it  is 
found  that  the  composition  of  the  compound  in  all  cases  is  exactly 
the  same.  In  the  same  way  the  compound  water,  consisting  of 
the  two  elements  hydrogen  and  oxygen,  whether  it  be  prepared 
synthetically  by  causing  the  two  elements  to  unite  directly,  or 
obtained  from  any  natural  source,  as  rain,  or  spring,  or  river,  is 
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found  to  contain  its  constituent  elements  hydrogen  and  oxygen  in 
the  ratio  by  weight  of  i :  8,  or, 

Hydrogen  .     11.12 

Oxygen  .    88.88 

100.00 

If  in  the  formation  of  sodium  chloride  by  the  direct  combination 
of  its  constituent  elements,  an  excess  of  either  one  or  other  be 
present  beyond  the  proportions  39.32  per  cent,  of  sodium  and  60.68 
per  cent,  of  chlorine,  that  excess  will  simply  remain  unacted  upon. 
If  eight  parts  by  weight  of  hydrogen  and  eight  parts  by  weight 
of  oxygen  be  brought  together  under  conditions  that  will  cause 
chemical  action,  the  eight  parts  of  oxygen  will  unite  with  one  part 
of  hydrogen,  and  the  other  seven  parts  of  hydrogen  merely  remain 
unchanged.  This  fact,  that  elements  are  only  capable  of  uniting 
with  each  other  in  certain  definite  proportions,  marks  one  of  the 
most  characteristic  differences  between  chemical  affinity  and  those 
other  forces,  such  as  gravitation,  that  are  usually  distinguished  as 
physical  forces ;  for  although  there  are  many  instances  known  in 
which  the  extent  to  which  a  chemical  action  may  proceed  (that  is, 
the  particular  proportion  of  the  reacting  bodies  which  will  undergo 
the  permutation  that  results  in  the  formation  of  different  mole- 
cules) is  influenced  by  the  mass  of  the  acting  substances,  it  never 
governs  the  proportion  in  which  the  elements  combine  in  these 
compounds. 

It  follows  from  the  law  of  constant  composition  that  the  sum  of 
the  weights  of  the  products  of  a  chemical  action  will  be  equal  to 
that  of  the  interacting  bodies ;  and  upon  the  validity  of  this  law 
depend  all  processes  of  quantitative  analyses. 

(2.)  The  Law  of  Multiple  Proportions  was  first  recognised 

by  Dalton,  who  investigated  certain  cases  where  the  same  two 
elements  combine  together  in  different  proportions,  giving  rise  to 
as  many  totally  distinct  compounds.  These  proportions,  however, 
were  always  found  to  be  constant  for  each  compound  so  produced, 
so  that  this  law  formed  no  contradiction  to  the  law  of  constant 
composition.  The  simple  numerical  relation  existing  between  the 
numbers  representing  the  composition  of  such  compounds  will  be 
evident  from  the  following  examples.     The  two*  compounds  of 

*  In  Dalton's  day  these  two  substances  were  the  only  known  compounds  of 
carbon  with  hydrogen. 
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carbon  with  hydrogen,,  known  as  marsh  ^as  and  ethylene^  are 
found  to  contain  these  elements  in  the  proportions — 

Marsh  gas  .     .     z  part  by  weight  of  hydrogen  with  3  parts  of  carbon. 
Ethylene     .     .     i  ,,  ,,  „  6  ,,  ,, 

The  two  compounds  of  carbon  with  oxygen  contain  these  ele- 
ments in  the  proportion — 

Carbon  monoxide  .     1  part  of  carbon  with  1.334  parts  of  oxygen  by  weight. 
Carbon  dioxide      .1  ,,  ,,  2.667  m  >•  •• 

The  elements  nitrogen  and  oxygen  form  as  many  as  five  different 
compounds,  in  which  the  two  elements  are  present  in  the  propor- 
tions— 

Nitrous  oxide  .     .     z  part  of  nitrogen  with  0.57Z  parts  of  oxygen  by  weight. 

Nitric  oxide.     .     .     i  .,  .,  1.143 

Nitrogen  trioxide  .1  ,,  ,,  1.714 

Nitrogen  peroxide      1  ,,  ,,  2.286  ,,  ,,  ,, 

Nitrogen  pentoxide    i  ,.  ,,  2.857  ,,  ,,  ,, 

The  relative  proportions  of  carbon  combining  with  a  constant 
weight  of  hydrogen  in  the  two  first  compounds  are  as  i  :  2. 

Those  of  oxygen  uniting  with  a  constant  weight  of  carbon  in  the 
second  example  are  also  as  i  :  2,  while  in  the  nitrogen  series  the 
relative  proportions  of  oxygen  in  combination  with  a  constant 
weight  of  nitrogen  are  as  i  :  2  :  3  ;  4  :  5. 

(3.)  Law  of  Reciprocal  Proportions.— Known  also  as  the  law 

of  proportionality,  or  the  law  of  equivalent  proportions.  When 
the  weights  of  various  elements,  which  were  capable  of  uniting 
separately  with  a  given  mass  of  another  element,  were  compared 
together,  it  was  seen  that  these  weights  bore  a  simple  relation  to 
the  proportions  in  which  these  elements  combined  amongst  them- 
selves. For  example,  the  elements  chlorine  and  hydrogen  each 
separately  combine  with  the  same  weight  of  phosphorus,  the  pro- 
portions being — 

Phosphorus  :  chlorine     =    i   :  3.43 
Phosphorus  :  hydrogen  =   i    :  0.097 

The  elements  chlorine  and  hydrogen  can  combine  together,  and 
they  do  so  in  the  proportion — 

Chlorine  :  hydrogen  =  35-5  :  i 
but  35  :  I  =  3-43  :  o-097 

Therefore   the   proportions  by  weight   in   wliich   chlorine  and 
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hydrogen  separately  combine  with  phosphorus  is  a  measure  of  the 
proportion  in  which  they  will  unite  together. 

Again,  the  two  elements  carbon  and  sulphur  each  separately 
combine  with  the  same  weight  of  oxygen,  the  proportion  being — 

Oxygen  :  carbon    =  i  :  0.375 
Oxygen  :  sulphur  =  1:1 

But  the  elements  carbon  and  sulphur  themselves  unite  together, 
and  in  the  proportion — 

Carbon  :  sulphur  =  0.1875  :  i 
but    0.1875  •  '  ='0-37S    •  2 

Therefore  the  proportion  by  weight  in  which  carbon  and  sulphur 
separately  unite  with  the  same  mass  of  oxygen  is  a  simple  multiple 
of  that  in  which  these  two  elements  combine  together.  These 
remarkable  numerical  relations  will  be  rendered  still  more  evident 
by  comparing  the  proportions  in  which  the  members  of  a  series  of 
elements  combine  with  a  constant  weight  of  various  other  elements  : 
thus — 

Hydrogen.     Sodium.     Potassium.     Silver.     Mercury.  Chlorine. 

0.02817      0.6479         x.oa  3.04       2.816    unite  separately  with  x  part. 

It  will  be  seen  that  the  proportion  in  which  these  numbers  stand 
to  each  other  is  as — 

I       :       23       :       39     :      107     :      100  :  35.5 

Let  us  now  compare  these  proportions  with  those  in  which  the 
same  elements  unite  with  a  constant  weight  of  the  element 
bromine — 

Hydrogen.     Sodium     Potassium.     Silver.     Mercury.  Bromine. 

0.0125        0.2875       0.4875       1.34         1.25     unite  with  I  part, 

or  as — 

I       :      23       :        39      :       107  100  :  80 

Each  of  these  five  elements  in  like  manner  combines  with 
oxygen,  and  the  weights  which  are  found  to  unite  with  a  constant 
mass  of  oxygen  are — 

Hjrdrogen.     Sodium.     Pota»«ium.     Silver.     Mercury.  Oxygen. 

ai25         2.875        4-875         13-38        13-5     unite  with  I  part, 

again  as — 

Z       :       23       :       39      :       107    :     xoo  :  8 
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The  same  relntion  will  appear  in  the  case  nf  the  combinalion  of^ 
these  five  elements  with  a  constant  weight  of  sulphur 

Hydrogen.    Sodium,    rouutiuui.    Sik.r.    Mercury.  Su 


'        -         aj        :       39        :      107     :      loo 

It  is  thus  evident  that  the  proportions  in  which  the  members  of 
such  a  series  combine  with  a  cnnsianl  weight  of  one  element  is  the 
same  as  that  in  which  they  unite  with  a  constant  mass  of  another 
element.  One  part  by  weight  of  hydrogen  combines  with  55.5 
parts  of  chlorine.  Bo  parts  of  bromine,  3  parts  of  oxygen,  and  i6' 
parts  of  sulphur — thai  is  to  say,  these  proportions  of  these  fouF 
elements  satisfy  the  chemical  affinity  of  1  part  of  hydrogen  ;  they 
are  therefore  said  to  be  eguiTuUn/.  Twenty-three  parts  of  sodium 
is  likewise  equivalent  to  35.5  parts  of  chlorine,  80  parts  of  bromine, 
8  parts  of  oxygen,  and  16  pans  of  sulphur,  and  by  the  same 
reasoning  it  is  also  equivalent  to  1  part  of  hydrogen,  39  parts  of 
potassium,  107  parts  of  silver,  and  100  parts  of  mercury.  These 
numbers,  therefore,  arc  known  as  the  eguivnUnI  -mtights  of  thi 
elements,  or  their  combining  proportions^  and  the  combining  weight 
of  an  element  may  therefore  be  defined  as  the  smallest  weight 
that  element  which  will  combine  with  1  part  by  weight  ofhydrogi 

This  law  of  proportionality,  or  reciprocal  proportion,  was  dis-' 
covered  by  Richier,  but  it  was  left  for  Dalton  to  trace  Ihi 
tion  between  these  three  generalisations.  Dalton  adopted  and 
adapted  an  ancient  theory  concerning  the  ultimate  constitution  o( 
matter  which  was  expounded  by  certain  of  the  early  Greek  philo- 
sophers. The  exponents  of  this  theory  held  that  matter  is  built  up 
of  vast  numbers  of  minute  indivisible  particles,  in  opposition  to  the 
antagonistic  theory  believed  by  others,  namely,  that  matter  was 
absolutely  homogeneous  and  capable  of  inlinite  subdivision, 

Dalton  embraced  the  ancient  doctrine  of  atoms,  and  extended  it 
into  the  scientific  theory'  which  is  to-day  known  as  Dalton's  atomic 
theory,  and  is  accepted  as  a  fundamental  creed  by  modern  chemists. 

According  to  this  theory,  mailer  consists  of  aggregations  of 
minute  panicles,  or  atoms,  which  are  indivisible.  Dalton  con- 
ceived that  chemical  combination  lakes  place  between  atoms — 
that  is  to  say,  when  chemical  action  takes  place  belwi 
elements,  it  is  due  to  the  union  of  their  atoms  ;  the  atoms,  coming, 
into  juxtaposition  with  each  other  under  the  influence  of  chemii 
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affinity,  are  held  together  by  the  operation  of  this  force.  He  further 
assumed  that  the  atoms  of  the  various  elements  possessed  different 
relative  weights,  and  that  the  relations  existing  between  these 
weights  was  the  same  as  that  between  the  weights  in  which  experi- 
ment had  shown  the  elements  to  be  capable  of  combining  together. 
In  other  words,  he  said  that  the  numbers  representing  the  combin- 
ing proportion  of  the  elements  expressed  also  the  relative  weights 
of  the  atoms. 

Let  us  now  see  how  this  theory  satisfies  and  explains  the  first 
three  laws  of  chemical  combination. 

(i.)  The  Law  of  Constant  Composition.— It  has  already  been 

shown  (p.  26)  that  the  compound  sodium  chloride,  wheresoever  and 
howsoever  obtained,  contains  the  elements  chlorine  and  sodium 
in  the  proportion — 

Chlorine  :  sodium  =  i  :  0.6479. 

These  numbers  have  been  shown  on  p.  29  to  represent  the  com- 
bining proportions — 

Chlorine  :  sodium  =  35.5  :  23. 

Now  the  atomic  theory  states,  that  sodium  chloride  is  formed  by 
the  union  oi atoms  of  chlorine  with  atoms  of  sodium,  and  that  the 
relative  weights  of  these  atoms  is  expressed  by  the  combining 
weights  of  the  elements,  namely,  35.5  and  23.  If  therefore,  sodium 
is  to  combine  with  chlorine,  since  atoms  are  indivisible  masses,  it 
follows  that  the  compound  produced  by  the  union  of  one  atom  of 
each  of  these  two  elements  must  always  have  the  same  composi- 
tion. 

(2.)  The  Law  of  Multiple  Proportions.— The  ratio  in  which 

oxygen  combines  with  hydrogen  to  form  the  compound  water  is 
seen  on  p.  27  to  be  as  8  :  1.  This  number  8,  therefore,  we  will 
for  the  present  argument  regard  as  the  relative  weight  of  the  atom 
of  oxygen.* 

Oxygen  combines  with  carbon  as  already  mentioned,  forming 
two  different  compounds  ;  in  the  first,  the  elements  arc  present  in 
the  proportion — 

Carbon  :  oxygen  =  i  :  1.334  =  6:8, 

•  For  reasons  which  will  be  explained  later,  chemists  now  regard  the  numl)er 
16  as  representing  (in  round  numbers)  the  relative  weight  of  the  atom  of 
oxygen. 
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that  is  to  say,  in  the  proportion  of  one  atom  of  carbon  to  one  atom 
of  oxygen.  According  to  the  theory,  if  the  atom  of  cartxm  unites 
with  more  oxygen  than  one  atom,  it  must  at  least  be  with  two 
atoms.  It  may  be  with  three  or  with  four,  but  as  the  compound 
must  be  formed  by  the  accretion  of  these  indivisible  atoms,  the 
increment  of  oxygen  must  take  place  by  mu]tipl?s  of  8.  Wlien  the 
second  crmipound  is  examined  it  is  found  to  contain  i*s  constituent 
elements  in  the  proportion — 

Carbon  :  oxygen  =i  :  2.667=6  :  16, 

that  is  to  say,  in  the  proportion  of  one  atom  of  carbon  to  two 
atoms  of  oxygen.  This  information  respecting  the  composition  of 
these  two  compounds  is  conveyed  both  in  their  names  and  their 
formula:.  The  first  is  termed  carbon  /v^/roxide,  and  its  formula  is 
expressed  by  the  symbol  CO  ;  while  the  second  is  distinguished  as 
carbon  ^/oxide,  and  has  the  formula  CO^. 

The  difference  in  the  composition  of  the  five  compounds  that 
nitrogen  forms  by  union  with  oxygen  i»ill  be  made  evident  by  the 
aid  of  this  theory.  The  proportion  of  nitrogen  to  oxygen  in  these 
compounds  is  — 


(i.;  Nitrogen 

(2.)  Nitrogen 

(3.)  Nitrcigen 

(4-)  Nitrogen 

(5.)  Nitrogen 


ox>'gen 
oxygen 
ox>'gen 
oxygen 
oxygen 


0.571 

1. 143 
1.714 
2.268 

2.857 


14 
14 
14 
14 
14 


8 
16 

24 
32 
40 


And  it  will  be  seen  that  the  increase  in  the  proportion  of  oxygen  in 
the  compounds  takes  place  by  the  regular  addition  of  a  weight  of 
that  element  equal  to  8,  which  at  the  present  stage  of  the  argument 
wc  are  regarding  as  representing  the  relative  weight  of  the  atom 
of  oxygen. 

(3.)  The  Law  of  Reciprocal  Proportions.— If  the  illustrations 

given  on  p.  28  of  the  operation  of  this  law  be  examined  in  the  light 
of  the  atomic  theory,  their  explanation  will  be  evident  :  thus,  the 
relative  proportions  in  which  hydrogen  and  chlorine  separately 
combine  with  phosphorus  is  0.097  :  3.43,  and  the  ratio  between  these 
numbers  is  as  i  :  35.5,  which  is  the  proportion  in  which  these  two 
elements  arc  known  to  unite  together  to  form  hydrochloric  acid. 
These  numbers,  however,  represent  the  relative  weights  of  the 
atoms  of  thcbc  elements,  therefore  hydrochloric  acid  may  be  sup- 
posed to  be  formed  by  the  union  of  one  atom  of  hydrogen  with 
one  atom  of  chlorine. 
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Again,  the  relative  weights  of  carbon  and  sulphur  which  sejxi- 
rately  combine  with  a  constant  weight  of  oxygen  are  -  -carbon,  0.375  ; 
sulphur,  I  ;  and  the  ratio  l>etween  these  numlx?rs  is  as  6  :  16. 

Carbon  and  sulphur,  however,  unite  together  in  the  relative 
proportion —  • 

C.irbon  :  sulphur  =  0.1875  :  i  =  6  :  32. 

Therefore  the  compound  they  produce  may  be  supposed  to  consist 
of  one  atom  of  carbon,  having  the  relative  weighi  6,  and  two  atoms 
of  sulphur,  each  with  the  relative  weight  16. 


C 


CHAPTER   VI 

ATOMIC     WEIGHTS 

In  the  third  column  of  the  table  on  page  22,  the  numbers  are- 
given  which  are  at  the  present  time  generally  accepted  by  chemists 
as  representing  the  approximate  atomic  weights  of  the  elements^' 
These  numbers  depart,  in  many  instances,  from  those  arrived  at 
by  Dalton's  methods  ;  thus^the  relative  weights  of  carbon,  oxygen, 
nitrogen,  and  sulphur,  which  were  found  to  be  equivalent  to  one 
part  of  hydrogen,  are — carbon  =  6,*  oxygen  =  8,  nitrogen  =  4.66, 
sulphur  =  16  ;  while  the  figures  given  as  the  approximate  atomic 
weights  of  these  elements  in  the  table  are — carbon  =  12,  oxygen 
=  16,  nitrogen  =  14,  sulphur  =  32.  We  must  now  discuss  some 
of  the  chief  reasons  for  these  departures.  In  the  two  compounds 
of  carbon  and  hydrogen  known  to  Dalton,  namely,  marsh  gas  and 
ethylene,  the  proportions  of  carbon  to  hydrogen  are — 

In  ethylene   .        .        .     Carbon  :  hydrogen  =  6:1. 
In  marsh  gas         .        .     Carbon  :  hydrogen  =  6:2. 

Dalton  therefore  concluded  that  ethylene  was  a  compound  con- 
taining I  atom  of  carbon  united  with  i  atom  of  hydrogen,  and  to 
which,  therefore,  he  gave  the  formula  CH  ;  and  that  marsh  gas 
consisted  of  i  atom  of  carbon  combined  with  2  atoms  of  hydrogen, 
and  which  he  accordingly  represented  by  the  formula  CHj. 

There  was,  however,  nothing  to  prove  that  the  weight  of  carbon 
was  constant  in  the  two  compounds,  for  it  will  be  obvious  that  the 
same  ratio  between  the  weight  of  carbon  and  hydrogen  will  still 
be  maintained  by  assuming  that  the  hydrogen  is  constant,  and 
that  the  carbon  varies,  thus — 

In  marsh  gas  .         .     Hydrogen  :  carbon  :  11:3. 
In  ethylene      .         .     Hydrogen  :  carbon  :   :  i  :  3x2. 

*  These  are  the  numbers  which  Dalton  ought  to  have  obtained  had  his 
methods  of  determination  been  more  exact.  The  figures  he  actually  found  for 
the  combining  weights  of  these  four  elements  were  respectively,  5,  7,  5,  13. 
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That  is  to  say,  the  ratios  are  not  disturbed  by  the  assumption 
that  in  niarsh  gas  we  have  i  atom  of  hydrogen  combined  with  i 
atom  of  carbon,  having  the  relative  combining  weight  of  3,  and  in 
ethylene  i  atom  of  hydrogen  united  with  1  atoms  of  carbon. 

It  will  be  evident,  however,  that  if  we  could  gain  any  exact 
information  as  to  the  actual  number  of  atoms  which  are  present 
in  these  various  molecules,  this  difficulty  would  no  longer  exist. 

For  example,  suppose  it  were  possible  to  ascertain  that  in  the 
molecule  of  marsh  gas  there  were  4  atoms  of  hydrogen,  then  as 
the  relative  weights  of  hydrogen  and  carbon  in  this  compound  are 
as  I  :  3,  the  weight  of  the  carbon  atom  would  obviously  have  to 
be  raised  from  3  to  12  ;  and  if  it  could  be  determined  that  in  the 
ethylene  molecule  there  were  also  4  atoms  of  hydrogen,  then 
seeing  that  the  ratio  of  hydrogen  to  carbon  in  this  substance  is 
as  I  :  6,  we  should  conclude  that  it  contained  2  atoms  of  carbon, 
of  the  relative  weight  not  less  than  12,  and  the  composition  of  the 
two  compounds  would  be  expressed  by  the  formulae,  marsh  gas 
CH4,  ethylene  C2H4. 

Again,  the  relative  weights  of  hydrogen  and  oxygen  in  water 
are  as  i  :  8.  If  the  molecule  of  water  contains  only  i  atom  of 
hydrogen,  then  we  conclude  that  8  represents  the  relative  weight 
of  the  oxygen  atom,  and  the  formula  for  water  will  be  HO.  But 
suppose  it  to  be  discovered  that  there  are  two  atoms  of  hydrogen  in 
a  molecule  of  this  compound,  then  it  becomes  necessary,  in  order 
to  retain  the  ratio  between  the  weight  of, these  constituents  (a 
ratio  ascertained  by  analysis),  to  double  the  number  assigned  to 
the  oxygen  atom  and  to  regard  its  weight  as  16,  as  compared  with 
I  atom  of  hydrogen,  and  the  formula  for  water  in  this  case  would 
bcHjO. 

The  compound  ammonia  contains  the  elements  hydrogen  and 
nitrogen  in  the  ratio — 

Hydrogen  :  nitrogen  :  :  i  :  4.66. 

If  the  molecule  of  ammonia  contmns  only  i  atom  of  hydrogen, 
then  4.66  represents  the  relative  weight  of  the  nitrogen  atom,  and 
the  formula  will  be  NH  ;  but  if  it  should  be  found  that  there  are 
3  atoms  of  hydrogen  in  this  molecule,  then  again  the  relative 
weight  assigned  to  the  nitrogen  must  be  trebled  in  order  to  pre- 
serve the  ratio,  and  it  will  have  to  be  raised  from  4.66  to  14  (in 
round  numbers),  and  the  formula  for  ammonia  will  be  NH3. 

From  these  considerations  it  will  be  evident,  that  it  is  of  the 


36  Introductory  Outlines 

highest  importance  to  gain  accurate  knowledge  as  to  the  actual 
number  of  atoms  which  are  contained  in  the  molecules  of  matter — 
in  other  words,  to  learn  the  true  atomic  composition  or  structure 
of  molecules  ;  and  it  may  be  said  that  this  problem  has  occupied 
the  minds  of  chemists  from  the  time  that  Dalton  published  his 
atomic  weights,  in  the  year  1808,  down  to  the  present  time.  There 
is  no  single  method  of  general  application,  by  means  of  which 
chemists  are  able  to  determine  the  atomic  weight  of  an  element ; 
but  they  are  guided  by  a  number  of  independent  considerations, 
some  of  which  are  chemical  in  their  character,  while  others  are  of 
a  physical  nature  ;  and  that  particular  number  which  is  in  accord 
with  the  most  of  these  considerations,  or  with  what  are  judged  to 
be  the  most  important  of  them,  is  accepted  as  the  true  atomic 
weight. 

The  chief  methods  employed  for  determining  atomic  weights 
may  be  arranged  under  the  following  four  heads  : —  » 

r.  Purely  chemical  methods. 

2.  Methods  based  upon  volumetric  relations. 

3.  Methods  based  upon  the  specific  heats  of  the  elements. 

4.  Method  based  upon  the  isomorphism  of  compounds. 

I.  As  an  illustration  of  the  chemical  processes  from  which 
atomic  weights  may  be  deduced,  the  following  examples  may  be 
given,  namely,  the  case  of  the  two  elements  oxygen  and  carbon. 

Oxygen  combines,  as  already  stated,  with  hydrogen  in  the 
proportion — 

Hydrogen  :  oxygen  =1:8. 

When  water  is  acted  upon  by  the  element  sodium,  the  compound 
is  decomposed  and  hydrogen  is  evolved ;  and  it  is  found  that  if 
18  grammes  of  water  are  so  acted  on,  i  gramme  of  hydrogen  is 
evolved,  and  40  grammes  of  a  compound  are  formed,  which 
contains  sodium,  together  with  all  the  oxygen  originally  in  the 
18  grammes  of  water,  and  some  hydrogen.  This  compound,  under 
suitable  conditions,  can  be  acted  upon  by  metallic  zinc,  and  when 
these  40  grammes  are  so  acted  on,  i  gramme  of  hydrogen  is  again 
evolved,  and  72.5  grammes  are  obtained  of  a  compound  containing 
no  hydrogen,  but  sodium  and  zinc  combined  with  all  the  oxygen 
originally  contained  in  the  18  grammes  of  water. 

It  will  be  evident,  therefore,  that  the  hydrogen  contained  in 
water  can  be  expelled  in  two  equal  moieties  ;  there  must,  therefore, 
be  two  atoms  of  hydrogen  in   this  compound.     By  no  known 
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process  can  the  oxygen  be  withdrawn  from  water  in  two  stages  : 
thus,  if  18  grammes  of  water  are  acted  upon  by  chlorine,  under  the 
conditions  in  which  chemical  action  can  take  place,  73  grammes  of 
a  compound  containing  only  chlorine  and  hydrogen  are  formed,  and 
the  whole  of  the  oxygen  is  thrown  out  of  combination  and  evolved 
as  gas.  It  is  therefore  concluded  that  water  contains  in  its  mole- 
cule 2  atoms  of  hydrogen  and  i  atom  of  oxygen,  and  as  they  arc 
combined  in  the  relative  proportion  of  i  :  8,  the  atomic  weight  of 
oxygen  cannot  be  less  than  16. 

No  compounds  have  been  found  in  which  a  smaller  weight  of 
oxygen,  relative  to  one  atom  of  hydrogen,  than  is  represented  by 
the  number  16  (approximately),  is  known  to  take  part  in  a  chemical 
change. 

The  compound  marsh  gas  contains  hydrogen  and  carbon  in 
the  proportion  by  weijjht  of  1:3.  By  acting  on  this  compound 
with  chlorine,  it  is  possible  to  remove  the  hydrogen  from  it  in 
four  separate  portions. 

By  the  first  action  of  chlorine  upon  16  grammes  of  marsh  gas, 
I  gramme  of  hydrogen  is  removed  in  combination  with  35.5 
grammes  of  chlorine,  and  a  compound  containing  carbon,  hydrogen, 
and  chlorine,  in  the  ratio  12  : 3  :  35*5,  is  formed. 

By  the  successive  action  of  chlorine,  three  other  moieties  of 
hydrogen  can  be  thus  withdrawn,  each  being  in  combination  with 
its  equivalent  (35.5  parts)  of  chlorine.  The  second  and  third  com- 
pounds that  are  formed  contain  carbon,  hydrogen,  and  chlorine  in 
the  ratios  12:2:  (35.5  x  2)  and  12:1:  (35.5  x  3). 

The  compound  produced  by  the  fourth  action  of  chlorine,  which 
withdraws  the  fourth  portion  of  hydrogen,  contains  only  carbon 
and  chlorine,  in  the  ratio  12  :(35.5  x  4).  From  the  fact  that  the 
hydrogen  contained  in  marsh  gas  can  thus  be  removed  in  four 
separate  portions,  the  molecule  must  contain  four  hydrogen  atoms, 
and  therefore  the  atomic  weight  of  carbon  must  be  at  least  12.  No 
compounds  of  carbon  are  known  in  which  a  smaller  weight  of 
carbon,  relative  to  one  atom  of  hydrogen,  than  is  represented  by 
the  number  12,  takes  part  in  a  chemical  change. 

The  definition  of  atomic  weight,  furnished  by  considerations 
of  a  chemical  nature,  may  be  thus  stated  :  the  atomic  weight  of  an 
element,  is  the  number  which  represents  how  many  times  heavier 
the  smallest  mass  of  that  element  capable  of  taking  part  in  a 
chemical  change  is,  than  the  smallest  weight  of  hydrogen  whic^ 
can  so  function. 
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^anitular  number  lo  Krve  at  a  standard.    As  hydrogen  U  Ihe  lighldt  o: 
rlFineiiU.  Dalton  nrtginnlly  adopted   it,  nnd  arbitrarily  fixed  unily  as 
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that  in  cslculaling  atomic  weights  that  are  detrrminrd  with  reference  lo  oxygen, 
possible  errore  may  arise.     't*he  ratio  Hydrogen  ;  Oxygen  is  iiel  exactly  l  :  16. 
Various  vnlueshave  been  olitained  Uy  diiTcrent  cxpcrinieniers,  and 
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chemisunr«  now  gener.illy  agreed  in  adopting  as  ibeunii  in  all  exact  deti 
nations  of  atomic  weights  a  number  whidi  is  .^th  the  weight  or 
oxygen  ;  that  is  10  say,  Ihe  atomic  weighl  of  oxygen  is  in  reality  Ihe  standard^ 
and  is  hxed  as  16,  and  the  unit,  instead  of  being  the  weight  of  one  Ktom  of 
hydrogen,  is  ,Vlh  of  this  number. 

Tlie  effecl  of  Ikis  change  is  only  uf  importance  in  cases  of  chemical  investiga- 
tion where  a  high  degree  of  exactitude  is  required;  for  purposes  of  ordinary 
analystsandchemicalcalculations  Ihe  difference  that  it  makes  is  practically  ni7. 
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gold  will  be  195.7  ><>  tl>e  first  case,  and  197.3  in  Ihe  second;  while 
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The  discrepancy  may  also  arise  from  the  fact  that  the  deterniir 
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2  litres  of  hydrogen  the  vapour  of  water  (or  steam)  which  was 
produced  occupied  2  litres,  the  volumes  in  all  cases  being  measured 
under  the  same  conditions  of  temperature  and  pressure.*  This 
fact  led  to  the  discovery  of  the  simple  relation  existing  between 
the  volumes  of  other  reacting  gases  and  the  volume  of  the  products : 
thus  it  was  found  that — 

I  vol.  of  hydrogen  unites  with   i    vol.  of  chlorine,  and  gives 
2  vols,  of  hydrochloric  acid. 

1  vol.  of  hydrogen  unites  with  i  vol.  of  bromine  vapour,  and 

gives  2  vols,  of  hydrobromic  acid. 

2  vols,  of  hydrogen  unite  with  1    vol.  of  oxygen,  and  give 

2  vols,  of  steam. 
2  vols,  of  carbon  monoxide  unite  with  i  vol.  of  oxygen,  and 
give  2  vols,  of  carbon  dioxide. 

1  vol  of  carbon  monoxide  unites  with  i  vol.  of  chlorine,  and 

gives  I  vol.  of  phosgene  gas. 

In  the  same  way  with  compounds  that  cannot  be  obtained  by 
the  direct  union  of  their  constituent  elements,  it  is  found  that  on 
being  subjected  to  processes  of  decomposition  similar  simple 
volumetric  relations  exist :  thus  by  suitable  methods  of  decom- 
position— 

2  vols,  of  ammonia  gas  yield  i  vol.  of  nitrogen  and  3  vols,  of 

hydrogen. 
2  vols,  of  nitrous  oxide  yield  2  vols,  of  nitrogen  and  i  vol.  of 

oxygen. 
2  vols,  of  nitric  oxide  yield  i  vol.  of  nitrogen  and  i  vol.  of 

oxygen. 
I  vol.  of  marsh  gas  yields  2  vols,  of  hydrogen  and  some  solid 

carbon,  which  cannot  be  evaporated,  and  therefore  its 

vapour  volume  is  unknown. 
I  vol.  of  ethylene  yields  2  vols,  of  hydrogen  and  solid  carbon 

as  in  the  preceding. 

The  observations  of  these  and  similar  facts  gave  rise  to  the  law 
of  Gay-Lussac,  and  it  will  be  seen  that  there  is  evidently  a  close 
connection  between  the  simple  volumetric  relations  and  those 
existing  between  the  multiple  proportions  by  weighty  in  which  one 

*  For  the  relations  of  gaseous  volumes  to  temperature  and  pressure  the 
student  is  referred  to  chapter  ix. ,  on  the  general  properties  of  gases. 
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element  unites  with  another.  For  example,  in  the  two  oxides  of 
nitrogen  the  ratios  of  the  two  elements  by  weight  are — 

Nitrous  oxide        .         .     Nitrogen  :  oxygen  =  28  : 1 6. 
Nitric  oxide  .         .     Nitrogen  :  oxygen  =  28  :(i6  :  x  2), 

while  the  volumetric  relation  in  which  the  two  constituents  are 
present  is — 

Nitrous  oxide        .         .     Nitrogen  :  oxygen  =  2:1. 
Nitric  oxide  .        .     Nitrogen  : oxygen  =  2  :(i  x  2). 

In  other  words,  there  is  twice  as  much  oxygen  by  weight  in  the 
one  compound  as  in  the  other,  and  there  is  twice  as  much  oxygen 
by  volume  in  the  one  as  compared  to  the  other.  Moreover,  if  14 
and  16  respectively  represent  the  relative  weights  of  atoms  of  nitro- 
gen and  oxygen,  then  the  numbers  representing  the  relative 
volumes  in  which  these  elements  unite  will  also  express  the  number 
of  atoms  of  each  in  the  molecule. 

The  connection  existing  between  the  proportions  in  which 
elements  unite  by  weight,  and  by  volume,  was  first  explained  by 
the  Italian  physicist  and  chemist  Avogadro,  who  in  the  year 
181 1  advanced  the  theory  now  recognised  as  a  fundamental  prin- 
ciple, and  known  as  Avogadro's  hypothesis.  This  theory  may  be 
thus  stated  :  Equal  volumes  of  all  gases  or  vapours^  under  the 
same  conditions  of  temperature  and  pressure^  contain  an  equal 
nutnber  of  molecules.  If  this  be  true,  if  there  are  the  same 
;/;////^^r  of  molecules  in  equal  volumes  of  all  gases,  it  must  follow 
that  the  ratio  between  the  weights  of  equal  volumes  of  any  two 
gases  will  be  the  same  as  that  between  the  single  molecules  of  the 
particular  gases.  If  a  litre  of  oxygen  be  found  to  weigh  sixteen 
times  as  much  as  a  litre  of  hydrogen  (under  like  conditions  of  tem- 
perature and  pressure),  inasmuch  as  there  are  the  same  number 
of  molecules  in  each,  the  oxygen  molecule  must  be  sixteen  times 
heavier  than  that  of  hydrogen  ;  and  therefore  by  the  comparatively 
simple  method  of  weighing  equal  volumes  of  different  gases,  it 
becomes  possible  to  arrive  at  the  relative  weights  of  their  molecules. 

The  relative  weights  of  equal  volumes  of  gases  and  vapours,  in 
terms  of  a  given  unit,  are  known  as  their  detisities  or  specific 
gravitiesm  Sometimes  densities  are  referred  to  air  as  the  unit,  but 
more  often  hydrogen,  as  being  the  lightest  gas,  is  taken  as  the 
standard.  Taking  hydrogen  as  the  unit,  the  density  or  specific 
gravity  of  a  gas  is  the  weight  of  a  given  volume  of  it,  as  compared 
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with  the  weight  of  the  same  volume  of  hydrogen — or  in  other 
words,  the  ratio  between  the  weight  of  a  molecule  of  that  gas  and 
a  molecule  of  hydrogen.  The  ratio  that  exists  between  the  weight 
of  a  gaseous  molecule  and  half  the  weight  of  a  molecule  ofhydrogen^ 
chemists  term  the  molecular  weight  of  that  gas  ;  hence  it  will  be 
obvious  that  the  number  which  represents  the  molecular  weight  of 
a  gas  is  double  that  of  its  density  or  specific  gravity. 

If  I  litre  of  hydrogen  and  1  litre  of  chlorine  be  caused  to  combine, 
2  litres  of  gaseous  hydrochloric  acid  are  formed.  As  equal  volumes 
of  all  gases  (under  like  conditions)  contain  the  same  number  of 
molecules,  in  the  2  litres  of  hydrochloric  acid  there  must  be  twice 
as  many  molecules  of  that  compound  as  there  were  of  hydrogen 
molecules  in  the  1  litre,  or  of  chlorine  molecules  in  the  other. 
But  each  molecule  of  hydrochloric  acid  is  composed  of  chlorine 
and  hydrogen  (from  other  considerations  one  atom  of  each  element), 
therefore  there  must  have  been  at  least  twice  as  many  atoms 
of  hydrogen  in  the  litre  of  that  gas  as  there  were  molecules  ; 
and  by  the  same  reasoning,  twice  as  many  chlorine  atoms  in  the 
litre  of  chlorine  as  there  were  molecules  ;  in  other  words,  both 
hydrogen  and  chlorine  molecules  consist  of  two  atoms.  The 
molecular  weight  of  hydrogen  therefore  is  2  ;  that  is,  its  molecule 
is  twice  as  heavy  as  its  atom.  The  atom  of  hydrogen  is  the  unit 
to  which  molecular  weights  are  referred,  while  the  weight  of  the 
molecule  of  hydrogen  is  taken  as  the  standard  of  densities  or 
specific  gravities. 

In  order,  therefore,  to  find  the  molecular  weight  of  any  gas  or 
vapour,  it  is  necessary  to  learn  its  density — that  is,  to  ascertain 
how  many  times  a  given  volume  of  it  is  heavier  than  the  same 
volume  of  hydrogen,*  and  to  double  the  number  so  obtained.t 

The  following  table  gives  the  densities  or  specific  gravities  of  all 
the  elements  whose  vapour  densities  have  been  determined.  The 
list  includes  all  those  elements  which  are  gases  at  the  ordinary 
temperature,  and  those  that  can  be  vaporised  under  conditions 


*  Certain  exceptions  to  this  rule  are  discussed  under  the  subject  of  Dissocia- 
tion, chap.  X.  p.  88. 

t  The  specific  gravity  of  hydrogen,  as  compared  with  air  taken  as  unity, 
is  a 0693,  or  air  is  14.43  times  heavier  than  hydrogen.  If,  therefore,  it  be 
desired  to  find  the  molecular  weight  of  a  given  gas,  whose  density  as  compared 
with  air  is  known,  it  is  only  necessary  to  multiply  its  density  (air=i)  by  the 
number  14.43.  which  gives  its  density  as  compared.with  hydrogen,  and  then  to 
doubte  the  number  so  obtained. 
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which  render  such  determinations  experimentally  possible.  (Hy- 
drogen being  taken  as  unity,  the  other  numbers  are  the  approxi- 
mate values,  which  for  purposes  of  discussion  are  more  suitable 
than  figures  that  run  to  two  or  three  decimal  places.) 


Hydrogen  . 

Helium 

Neon  . 

Nitrogen 

Oxygen 

Fluorine 

Argon 

Sulphur 

Chlorine 

Krypton 

Xenon 


I 

2 
lO 

U 
i6 

19 
20 

3'^ 
35-5 
41 
64.0 


Selenium    . 

79 

Bromine     . 

80 

Iodine 

127 

Sodium 

11.5 

Potassium  . 

»9-5 

Zinc    . 

•      32.5 

Cadmium    . 

56 

Mercury 

100 

Phosphorus 

62 

Arsenic 

150 

Let  us  now  consider  how  the  knowledge  of  the  relative  weights 
of  gaseous  molecules  is  utilised  in  assigning  a  particular  number 
as  the  atomic  weight  of  an  element. 

The  molecular  weight  of  chlorine  is  71.  It  has  been  shown  that 
the  molecule  certainly  contains  more  than  i  atom,  2sA  probably  2, 
in  which  case  35.5  would  represent  the  relative  weight  of  the 
atom. 

The  compound  hydrochloric  acid  has  the  molecular  weight  36.5. 
It  has  been  already  proved  that  this  compound  contains  i  atom  of 
hydrogen,  therefore  36.5  -  i  =35.5. 

The  compound  carbon  tetrachloride  gives  a  molecular  weight 
154.  Analysis  shows  that  this  compound  contains  12  parts  of 
carbon  in  154  parts,  therefore  154—  12=  142  =  35.5  x  4. 

In  these  three  molecules  the  weights  of  chlorine  relative  to  the 
weight  of  I  atom  of  hydrogen  are  142,  35.5,  and  71,  the  greatest 
common  divisor  of  which  is  35.5.  This  number,  therefore,  is 
selected  as  the  atomic  weight  of  chlorine. 

Again,  it  has  been  shown  that  by  the  action  of  metals  upon 
water,  the  hydrogen  contained  in  the  water  could  be  expelled  in  two 
separate  portions,  thus  proving  that  there  must  be  2  atoms  of 
hydrogen  in  the  molecule  of  that  compound. 

The  molecular  weight  of  water  is  found  to  be  18  ;  deducting  from 
this  the  weight  of  the  two  hydrogen  atoms  we  get  18  — 2  =  l6. 

The  molecular  weight  of  carbon  monoxide  is  28  ;  28  parts  of 

s  compound  contain  12  parts  of  carbon,  therefore  28  — 12  =»  i6. 
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The  molecular  weight  of  carbon  dioxide  is  44  ;  44  parts  of  this 
compound  also  contain  1 2  parts  of  carbon,  therefore  44  -  1 2  —  32. 

When  I  litre  of  oxygen  combines  with  two  litres  of  hydrogen, 
2  litres  of  water  vapour  are  formed  ;  there  are  therefore  twice  the 
number  of  water  molecules  produced  as  there  are  oxygen  mole- 
cules (since  by  Avogadro's  hypothesis  2  litres  contain  twice  as  many 
molecules  as  i  litre).  But  each  water  molecule  contains  certainly 
I  atom  of  oxygen,  therefore  the  original  oxygen  molecules  must 
have  consisted  of  not  less  than  2  atoms.  When  the  density  of 
oxygen  is  determined  it  is  found  to  be  16,  its  molecular  weight 
therefore  is  32. 

In  these  four  various  molecules  the  weights  of  oxygen  relative  to 
the  weight  of  i  atom  of  hydrogen  are  16,  16,  32,  32,  the  greatest 
common  divisor  of  which  is  16.  This  number,  therefore,  is  selected 
as  the  atomic  weight  of  oxygen. 

Again,  it  has  already  been  shown  that  in  the  compound  ammonia, 
the  hydrogen  can  be  removed  in  three  separate  moieties,  proving 
that  there  must  be  three  atoms  of  that  element  in  the  molecule. 
The  molecular  weight  of  ammonia  is  found  to  be  17,  therefore 
17  —  3  =  '4i  which  is  the  weight  of  the  nitrogen. 

The  molecular  weight  of  nitrous  oxide  is  44  ;  44  parts  of  this 
compound  are  found  to  contain  16  parts  of  oxygen  and  28  parts  of 
nitrogen. 

The  molecular  weight  of  nitric  oxide  is  30 ;  30  parts  of  this 
compound  contain  16  parts  of  oxygen  and  14  parts  of  nitrogen. 

The  molecular  weight  of  nitrogen  is  found  to  be  28. 

In  these  four  different  molecules  the  weights  of  nitrogen  relative 
to  the  weight  of  i  atom  of  hydrogen  are  14,  28,  14,  28,  the 
greatest  common  divisor  of  which  is  14.  The  atomic  weight  of 
nitrogen,  therefore,  is  regarded  as  14. 

These  three  examples,  namely,  chlorine,  oxygen,  and  nitrogen 
are  instances  of  elements  which  are  gaseous  at  ordinary  tempera- 
tures ;  but  the  same  methods  are  applicable  in  the  case  of  the  non- 
volatile elements,  such  as  carbon,  provided  they  furnish  a  number 
of  compounds  that  are  readily  volatile. 

On  comparing  the  numbers  in  the  foregoing  table  (p.  42), 
representing  the  densities  of  various  elements,  with  the  atomic 
weights  of  those  elements  as  given  on  p.  22,  it  will  be  seen 
that  in  several  cases  the  numbers  given  are  approximately 
the  same.  This  agreement  is  merely  because  the  molecules 
of  these  elements  consist    of   two    at^s.      The    molecules   of 
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helium,  neon,  argon,  krypton,  xenon,  sodium,  potassium,  zinc, 
cadmium,  and  mercury  consist  of  only  one  atom  ;  their  atomic 
weights,  therefore,  will  be  the  same  as  their  molecular  weights,  that 
is,  twice  their  densities.  The  elements  arsenic  and  phosphorus,  on 
the  other  hand,  contain  in  their  molecules  four  atoms — that  is  to 
say,  the  number  which  represents  the  smallest  weight  of  phosphorus 
and  of  arsenic,  capable  of  taking  part  in  a  chemical  change,  is  only 
half  the  density,  and  therefore  a  fourth  of  the  molecular  weight. 

The  definition  of  atomic  weight  that  is  furnished  by  the  con- 
sideration of  volumetric  relations  may  be  thus  stated.  The  atomic 
weight  is  the  smallest  weight  of  an  element  that  is  ever  found  in  a 
volume  of  any  gas  or  vapour  equal  to  the  volume  occupied  by  one 
molecule  of  hydrogen  at  the  satpte  temperature  and  pressure. 

The  volume  occupied  by  one  molecule  of  hydrogen  is  regarded 
as  the  standard  molecular  volume,  while  that  occupied  by  an  atom 
of  hydrogen — or,  in  other  words,  the  atomic  volume  of  hydrogen — is 
called  the  unit  volume.  The  standard  molecular  volume,  therefore, 
is  said  to  be  two  unit  volumes;  and  as,  from  Avogadro's  law,  all 
gaseous  molecules  have  the  same  volume,  it  follows  that  the  mole- 
cules of  all  gases  and  vapours  occupy  two  unit  volumes.  Atomic 
weight  may  therefore  be  defined  as  the  smallest  weight  of  an 
element  ever  found  in  two  unit  volumes  of  any  gas  or  vapour^ 

The  molecular  volume  of  a  gas  is  its  molecular  weight  divided 
by  its  relative  density,  a  ratio  which  in  all  cases  will  obviously 
equal  2,  that  is,  two  unit  volumes. 

The  atomic  volume  of  an  element  in  the  state  of  vapour  is  its 

atomic  weight  divided  by  its  relative  density.     In  the  case  of  such 

elements  as  chlorine,  nitrogen,  oxygen,  &c.,  whose  molecules  are 

diatomic,  the  quotient  will  be  i — that  is  to  say,  the  atomic  volume 

of  these  elements  is  equal  to  i  unit  volume.     In  the  case  of  mer- 

,  ,         atomic  weight  =  200 

cur\'  vapour,  however,  we  have  — j ; — ^^ =2. 

"^       '^  '  density  =100 

The  atomic  volume  of  mercury  vapour,  therefore,  is  equal  to  2 

unit  volumes,  and  is  identical  with  its  molecular  volume. 

On  the  other  hand,  with  the  element  phosphorus  the  atomic 

,  atomic  weight  =  31  ,    ,r    1.         •.       1 

volume   IS    — 3 — .^   °     —     =.5,  or  one-half  the  unit  volume, 

density =62  •''  ' 

and  therefore  one-fourth  the  molecular  volume  ;  consequently,  four 
atoms  exist  in  this  molecule. 

The  method  of  determining  atomic  weights  based  upon  volu- 
metric relations,  when  taken  by  itself,  is  not  an  absolutely  certain 
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« 

criterion,  for  although  the  atomic  weight  of  an  element  cannot  be 
greater  than  the  smallest  mass  that  enters  into  the  composition  of 
the  molecules  of  any  of  its  known  compounds,  it  might  be  less  than 
this,  as  there  is  always  the  possibility  of  a  new  compound  being 
discovered,  in  which  the  relative  weight  of  an  element  is  such  as  to 
make  it  necessary  to  halve  the  previously  accepted  atomic  weight 

3.  Determination  of  Atomic  Weight  from  the  Speeifle 
Heat  of  Elements  in  the  Solid  State.— When  equal  weights  of 

different  substances  are  heated  through  the  same  range  of  tempera- 
ture, it  is  found  that  they  absorb  very  different  quantities  of  heat, 
and  on  again  cooling  to  the  original  temperature,  they  consequently 
give  out  different  amounts  of  heat.  Thus,  if  i  kilogramme  of  water, 
and  I  kilogramme  of  mercury  be  each  heated  to  a  temperature  of 
ioo%  and  then  each  be  poured  into  a  separate  kilogramme  of  water 
at  o%  in  the  first  case  the  resultant  mixture  will  have  a  temperature 
of  50%  while  in  the  second  it  will  only  reach  the  temperature  of  Z'2'\/ 
that  is  to  say,  while  the  water  in  cooling  through  50"  has  raised  the 
temperature  of  an  equal  weight  of  water  from  o**  to  50%  the  amount 
of  heat  in  i  kilogramme  of  mercury  at  100"  has  only  raised  the 
temperature  of  an  equal  weight  of  water  from  o"  to  3.2°,  and  in  so 
doing  has  itself  become  lowered  in  temperature  100  -  3.2  =  96.8 '.  The 
amount  of  heat  contained,  therefore,  in  equal  weights  of  water  and  of 
mercury  at  the  same  temperature,  as  shown  by  these  figures,  is  as- 

50    96.8  -^  ' 

therefore  it  requires  30  times  as  much  heat  to  raise  a  given  weight 
of  water  through  a  given  number  of  degrees  as  to  raise  an  equal 
weight  of  mercury  through  the  same  interval  of  temperature,  or 
the  thermal  opacity  of  mercury  is  J^th  that  of  water. 

The  specific  heat  of  a  substance  is  the  ratio  of  its  thermal 
capacity  to  that  of  an  equal  weight  of  water  ;  or,  the  ratio  between 
the  amount  of  heat  necessary  to  raise  a  unit  weight  of  the  sub- 
stance from  0°  to  1°,  and  that  required  to  raise  the  same  weight 
of  water  from  o"  to  i' ;  thus,  the  specific  heat  of  mercury  is  ^,  or 
0.033.  Water  is  chosen  as  the  standard  of  comparison  because  it 
possesses  the  highestf  thermal  capacity  of  all  known  substances  ;j 
the  numbers,  therefore,  which  express  the  specific  heals  of  other 
substances  are  all  less  than  unity. 

Dulong  and  Petit  were  the  first  to  draw  attention  (18 19)  to  a 
remarkable  relation  which  exists  between  the  specific  heats  and 
the  atomic  weights  of  various  solid  elements,  whose  specific  heats 
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they  themselves  had  determined.  They  found  that  the  specific 
heats  of  the  solid  elements  were  inversely  as  their  atomic  weights ; 
that  is  to  say,  the  capacity  for  heat  of  masses  of  the  elements  pro- 
portional to  their  atomic  weight  was  equal.  This  law,  known  as 
the  law  of  Dulong  and  Petit,  may  be  thus  stated :  The  thermal 
capacities  of  atoms  of  all  elements  in  the  solid  state  are  equal. 

The  thermal  capacity  of  an  atom  is  termed  its  atomic  heat; 
hence  the  law  may  be  more  briefly  stated,  all  elements  in  the 
solid  state  have  the  same  atomic  heat.  This  important  constant 
is  the  product  of  the  atomic  weight  into  the  specific  heat  From 
the  following  table  it  will  be  seen  that  the  number  expressing 
the  atomic  heat  is  not  perfectly  constant :  the  departures  from  the 
mean  6.4  are,  as  a  rule,  only  slight,  and  may  be  attributed  to 
the  fact  that  the  determinations  are  not  always  made  upon  the 
elements  under  conditions  that  are  strictly  comparable.  At  the 
end  of  the  table,  however,  there  are  certain  elements  which  appear 
to  present  marked  exceptions  to  the  law. 


Element. 

Specific 
Heat. 

Atomic 
Weight. 

Atomic 
Heat. 

Lithium    . 

0.94 

X 

7 

=    6.6 

Sodium 

0.29 

X 

23 

=    6.7 

Potassium 

0.166 

X 

39 

=    6.5 

Manganese 

0.122 

X 

55 

=    6.7 

Iron .... 

O.II2 

X 

56 

=    6.3 

Silver 

0.057 

X 

108 

=  6.1 

c;oid 

0.032 

X 

196 

=  6.2 

Mercury  (solid) 

0.032 

X 

200 

=  6.4 

Lead 

0.031 

X 

206.4 

=  6.5 

Beryllium 

0.41 

X 

91 

=   3-7 

Boron  (cryst.)  . 

0.25 

X 

II 

=   2.75 

Carbon  (diamond)    . 

0.147 

X 

12 

=    1.76 

Silicon  (cryst.). 

0.177 

X 

28 

=  4.95 

It  will  be  seen  that,  relatively  speaking,  the  four  elements 
which  show  a  considerable  departure  from  the  law  of  Dulong  are 
elements  with  low  atomic  weights.  Low  atomic  weight,  however, 
is  not  always  accompanied  by  such  deviation,  as  is  shown  in  the 
case  of  lithium  and  sodium. 

When  the  different  allotropes  of  carbon  are  experimented  upon, 
it  is  found  that  the  departure  is  not  the  same  for  each  modification 
of  the  element,  thus — 
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Specific 
Heat. 

Atomic 
Weight. 

Atomic 
HeAt. 

0.147 

X     12    = 

1.76 

0.200 

X     12    = 

2.40 

0.241 

X     12    = 

2.90 

Element. 

Diamond 

Graphite 

Charcoal 


It  has  been  observed  that,  as  a  general  rule,  the  specific  heat  of 
an  element  is  slightly  higher  at  higher  temperatures  ;  but  in  the 
case  of  the  four  elements  showing  abnormal  atomic,  heats,  this 
increase  rises  rapidly  with  increased  temperature,  until  a  certain 
point  is  reached,  when  it  remains  practically  constant,  and  repre- 
sents an  atomic  heat  which  closely  approximates  to  the  normal 
value  ;  thus  in  the  case  of  diamond,  the  specific  heat  at  increasing 
temperatures  is — 

Specific 
Heat. 

.      aiI28 

.      0.1470 

.      0.2733 

.      0.4408 

0.4489 

0.4589 

The  same  result  is  seen  in  the  case  of  graphite,  and  it  is  also  to 
be  remarked,  that  while  at  low  temperatures  there  exists  a  wide 
difference  between  the  specific  heats  of  these  two  modifications  of 
carbon,  this  difference  vanishes  at  a  temperature  of  about  600'. 


Diamond  at  10.7 

»» 

45° 

» 

2o6° 

» 

607° 

w 

806° 

» 

985° 

Atomic 
Weight. 

Atomic 
Hear. 

X     12    = 

1-35 

X     12    = 

1.76 

X     12    = 

3.28 

X     12    = 

S.30 

X     12    = 

5-4 

X     12    = 

5.5 

Specific 


Atomic 
Weight. 

X     12    = 


» 


» 


» 


Atomic 
Heat. 

1.93 
2.39 

5-35 
5.50 


)pe< 
Heat. 

Graphite  at  10.8"*  .  .  •  .  0.1604 

61.3**  .  .  .  0.1990  X  12  = 

642°  .  .  .  0.4454  X  12  = 

978"  .  .  .  0.4670  X  12  = 

Both  the  elements  boron  and  silicon  are  found  to  follow  the 
same  rule,  and  at  moderate  temperatures  their  atomic  heats  nearly 
approximate  the  normal  constant. 

The  case  of  the  somewhat  rare  element  beryllium  is  of  special 
interest  from  another  point  of  view,  which  will  be  referred  to  when 
treating  of  the  natural  classification  of  the  elements  :  from  the 
following  numbers*  it  will  be  seen  that  its  atomic  heat  very 
rapidly  rises  with  moderate  increase  of  temperature. 

•  Humpidge. 
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fitill.'^        WetSIl.        He?r 

Beryllium  at  loo' .  .    0.4702    x   9.1   =  4.i« 

200"  .  .    O.S420   X   9.1    =   4.93 

„  400°  .        .        .    0.6172   X  9.1   =   5.61 

„  500'  .  06206   X    g,i    1=   5.65 

The  relation  between  atomic  weight  and  specific  heat,  established 
\iy  Dulong  and  Petit,  is  of  service  in  the  determination  of  atomic 
weig^hls,  not  as  a  method  of  ascertaining  the  exact  value  with  any 
degree  of  refinement,  but  rather  as  a  means  of  deciding  between 
two  numbers  which  are  multiples  of  a  common  factor. 

If  specific  heat  x  atomic  weight  =  atomic  heat,  it  will  be  obvious 
that,  if  we  experimentally  determine  the  specific  heat,  and  divide 
that  value  into  the  constant  atomic  heat,  6.4,  we  obtain  the 
approximate  atomic  weight 

The  two  following  examples  will  serve  to  illustrate  the  applica- 
tion of  the  method. 

The  clement  indium  combines  with  chlorine  in  the  proportion — 
Indium  :  chlorine  =  37-8  :  35.5. 

If  hiCl  is  the  formula,  then  37.8  is  the  atomic  weight  of  indium  ; 
hut  fruni  the  chemical  similarity  between  indium  and  zinc  (whose 
chloride  has  the  formula  ZnCI^),  it  was  believed  that  the  formula 
for  indium  chloride  was  InCl^  in  which  case,  in  order  to  preserve 
the  ratio  between  the  two  elements,  the  atomic  weight  would  have 
to  be  37.8  X  3  =7S'6- 

When  the  specific  heat  of  indium  was  determined,*  it  was  found 
to  be  0.057. 

-^^-:n2.28 

0057 

Therefore  the  atomic  weight  must  be  raised  by  one-half,  from 
75.6  to  1 13.4,  and  the  formula  for  the  chloride  will  be  InClj. 

The  element  thallium  combines  with  chlorine  in  the  proportion- 
Thallium  :  chlorine  =  203.6  :  35.5. 

In  some  of  its  compounds  thallium  exhibits  a  strong  resemblance 
to  potassium,  the  chloride  of  which  has  the  formula  KCL  If  the 
formula  for  the  thallium  chloride  is  TlCl,  the  atomic  weight  of  the 
metal  must  be  203.6. 

In  many  respects  thallium  exhibits  a  striking  analogy  with  lead, 
*  Bunsen,  1870. 
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the  chloride  of  which  has  the  formula,  PbClj.     If  thallium  chloride 

has  a  corresponding  formula,  TlCIo,  then  the  atomic  weight  of 

thallium  must  be  raised  to  407.2. 

When  the  specific  heat  of  thallium  was  ascertained,*  it  was  found 
to  be  0.0335. 

6.4 

This  result  shows  that  the  number  203.6  and  not  407.2  is  the 
atomic  weight  of  thallium,  and  that  the  chloride  has  the  formula 
TlCl. 

Molecular  Heat  of  Compounds.— The  capacity  for  heat  of  an 
atom  undergoes  no  alteration  when  the  atom  enters  into  combina- 
tion with  different  atoms — in  other  words,  the  atomic  heat  of  an 
element  is  the  same  in  its  compounds.  The  molecular  heat  of  a 
compound  (that  is,  the  product  of  the  molecular  weight  into  the 
specific  heat)  will  therefore  be  the  sum  of  the  atomic  heats  of  its 
constituent  elements.  Hence  it  is  possible  to  calculate  what  will 
be  the  atomic  heat  of  an  element  which  does  not  exist  as  a  solid 
under  ordinary  conditions  ;  and  therefore  the  atomic  weight  of 
such  an  element,  as  deduced  from  other  considerations,  is  capable 
of  verification,  by  determinations  of  the  molecular  heat  of  various 
of  its  compounds  :  thus — 

The  specific  heat  of  silver  chloride,  AgCl,  is  0.089  • — 

Specific  Molecular  Molecular 

Heat.  Weight.  Heat. 

0.089     X     143.5     =     12.77. 

The  atomic  heat  of  silver  =  6.1,  therefore,  as  deduced  from  this 
compound,  the  atomic  heat  of  chlorine  is  12.77  —  6.1  =  6.6. 

Again,  the  specific  heat  of  stannous  chloride,  SnCl2,  is  0.1016: — 


Specific 
Heat. 

Molecular 

Molecular 

Weight. 

Heat. 

O.IOI6 

X      189     = 

19.2. 

The  atomic  heat  of  tin  is  6.6,  therefore  the  atomic  heat  of  two 
atoms  of  chlorine,  as  deduced  from  this  compound,  is  19.2-6.6— 
12.6,  giving  6.3  as  the  atomic  heat  of  chlorine. 

The  differences  that  appear  in  the  value,  as  deduced  from 
various  compounds,  are  lessened,  because  the  errors  of  the 
method  are  more  equally  distributed,  if  we  divide  the  molecular 
heat  by  the   number  of  atoms   in  the   molecule.     Thus,  in  the 

•  Regnnault. 
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two  examples  quoted,  silver  chloride  consists  of  two  atoms,  while 
the  molecule  of  stannous  chloride  contains  three  ;  if,  therefore,  the 
molecular  heats  of  these  two  compounds  are  divided  respectively 
by  2  and  by  3  we  get— 

12.77     ^    «        .  192     , 
-^  «=  6.38,  and  —  =  6.4, 

as  the  value  representing  the  atomic  heat  of  chlorine. 
The  element  calcium  combines  with  chlorine  in  the  proportion — 

Calcium  :  chlorine  =  20  :  35.5. 

If  the  atomic  weight  of  calcium  is  20,  the  formula  will  be  CaCl^ 
whereas  if  40  is  the  atomic  weight  of  the  metal,  the  compound 
must  be  represented  by  the  formula  CaCl2. 

The  molecular  weight  of  CaCl  would  be  55.5,  that  of  CaCl2  1 1 1.0. 

When  the  specific  heat  of  the  compound  was  determined,  it 
was  found  to  be  0.1642.  In  order,  therefore,  to  decide  between 
the  two  values  for  the  atomic  weight  of  calcium,  we  calculate  the 
molecular  heat  from  both  of  the  molecular  weights,  and  divide. the 
result  by  the  number  of  atoms  in  the  molecule  in  each  case. 

On  the  supposition  that  Cas20,  and  that  GzC/ represents  the 
chloride  : — 

n  ni                     ai642X55.5 
CaCl  ,  .  ^3  °4-55- 

Or,  if  Ca=40,  and  CaCl2  is  the  formula  for  the  chloride,  then— 

r^r\                      0.1642x111.0     . 
v^av^i2.         .         •         -      =s6.o7. 

3 

The  number  6.07,  which  nearly  agrees  with  the  constant  6.4, 
decides  the  value  40  as  the  atomic  weight  of  calcium.  The 
element  calcium  is  one  of  those  metals  which  it  is  very  difficult  to 
isolate  and  obtain  in  a  state  of  purity,  but  when  in  recent  years 
the  specific  heat  of  this  metal  was  experimentally  determined,* 
it  was  found  to  be  0.1704  : — 

0.1704x40=6.8. 

Thus  affording  direct  confirmation  of  the  value  40  for  the  atomic 
weight  of  calcium,  which  had  been  deduced  from  the  molecular 
heat  of  its  compounds. 

*  Bunsen. 
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Deductions  based  upon  molecular  heats  of  compounds  are  only 
trustworthy  in  the  case  of  the  most  simply  constituted  compounds. 

4.  Determination  of  Atomic  Weiflrht  from  Ck)nsideFations 

based  on  Isomorphism. — It  was  early  observed  that  certain  rela- 
tions existed  between  the  crystalline  forms  of  compounds  and  their 
chemical  composition.  Mitscherlich  found  that  certain  substances 
having  an  analogous  chemical  composition,  as,  for  example,  sodium 
phosphate  and  sodium  arsenate,  crystallised  in  the  same  geometric 
form.  In  the  year  1 821  he  stated  his  law  0/ isomorphism  as  follows  : 
**  The  same  number  of  atoms,  combined  in  the  same  way,  give  rise 
to  the  same  crystalline  form,  which  is  independent  of  the  chemical 
nature  of  the  atoms,  being  influenced  only  by  their  number  and 
mode  of  arrangement."  Subsequent  investigations,  however,  have 
shown  that  this  statement  is  too  general. 

In  its  broad  sense  as  signifying  the  same  crystalline  form, 
isomorphism  is  found  to  exist — 

1.  Between  compounds  containing  the  same  number  of  atoms 
similarly  combined,  and  which  bear  close  chemical  analogies  to 
each  other. 

(  Magnesium  sulphate  .  MgS04,7HsO. 

.  hi  Hydrogen  disodium  phosphate  .     HNa]P04.12H)0. 

(  Hydrogen  disodium  arsenate     .     HNagAs04,12H]0. 

/  Rubidium  alum  ....     Rb^4,  AMS04)!|,24H,0. 

J  ^_ ^.^..^  J  Potassium  chrome  alum     .        .     K^04,Cr^S04)3,24H,0. 

Isomorphous  <  _         ,         ,      •  .  i     •       v       ■-     «      -^      « • 

I  Po^j^um  alummmm  selenmm  |    k^04. AMSc04),.24H,0. 

2.  Between  compounds  containing  a  different  number  of  atoms, 
but  which  also  bear  close  chemical  analogies  to  one  another. 

-  .         ( Ammonium  chloride .        .  NH4CI. 

I  Potassium  chloride    .        .  KCl. 

Isomorphous  { ^'"°"''"" '"•f""         •        "    ^^^J^" 
(  Potassmm  sulphate  .        .  K2SO4. 

3.  Between  compounds  containing  either  the  same  or  a  different 
number  of  atoms,  and  which  exhibit  little  or  no  chemical  analogies. 

-  h    s  -f  Sodium  nitrate  ....     NaNOj. 

I  Calcium  carbonates    .  .     CaCO.,. 

Isomorphous  [  Sodium  sulphate  (anhydrous)  .     Na^SO^. 
(  Barium  permanganate  BeiMu^O^ 
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Isomorphism  of  this  order,  where  little  or  no  chemical  relations 
exist  between  the  compounds,  is  sometimes  distinguished  as 
isogorUsm,  It  must  not  be  supposed,  that  because  two  chemically 
analogous  compounds  contain  the  same  number  of  atoms,  they  will 
necessarily  crystallise  in  the  same  form  :  there  are  indeed  a  large 
number  of  similarly  constituted  analogous  compounds  that  do  not 
exhibit  isomorphism. 

No  simple  definition  of  isomorphism  is  possible,  but  the  following 
test  is  generally  accepted  as  a  criterion,  namely,  the  power  to  form 
either  mixed  crystals  or  layer  crystals.  Thus,  when  two  substances 
are  mixed  in  a  state  of  liquidity,  and  allowed  to  crystallise,  if  the 
crystals  are  perfectly  homogeneous,  they  are  known  as  mixed 
crystalSy  and  the  substances  are  regarded  as  isomorphous. 

Or  when  a  crystal  of  one  compound  is  placed  in  a  solution  of 
another  compound,  and  the  crystal  continues  to  grow  regularly 
in  the  liquid,  the  compounds  are  isomorphous.  Thus,  if  a  cr>'stal 
of  potassium  alum  (white)  be  placed  in  a  solution  of  manganese 
alum,  the  crystal  continues  to  grow  without  change  of  form,  and 
a  layer  of  amethyst-coloured  manganese  alum  is  deposited  upon  it. 

In  making  use  of  the  law  of  isomorphism  in  the  determination  of 
atomic  weights,  it  is  assumed  that  the  weights  of  different  atoms 
that  can  mutually  replace  each  other  without  altering  the  crystal- 
line form  are  proportional  to  their  atomic  weights.* 

Thus,  if  we  suppose  that,  in  the  case  of  the  sulphates  of  zinc 
and  magnesium,  the  atomic  weight  of  zinc  is  known,  viz.,  65,  and 
that  of  magnesium  is  doubtful ;  from  the  fact  of  the  isomorphism 
of  the  sulphates  it  may  be  premised  that  the  elements  are  present  in 
proportions  relative  to  their  atomic  weights.  Analysis  shows  that 
the  proportion  is  24  of  magnesium  to  65  of  zinc,  therefore  24  is  pre- 
sumably the  atomic  weight  of  magnesium. 

In  this  way  Berzelius  corrected  many  of  the  atomic  weights 
which  in  his  day  had  been  assigned  to  the  elements. 

*  The  group  (NH4)  may  be  regarded  as  an  atom,  having  the  relative  weight  18. 


CHAPTER   VII 

QUANTITATIVE  CHEMICAL  NOTATION 

The  use  of  chemical  symbols  and  formula,^  as  a  convenient  means 
of  representing  concisely  the  qualitative  nature  of  chemical  changes, 
has  been  explained  in  chapter  iv.  We  are  now  in  a  position  to 
read  into  these  symbols  a  quantitative  significance,  which  at  that 
stage  it  would  have  been  premature  to  explain. 

The  symbol  of  an  clement  stands  for  an  atom  ;  but,  as  we  have 
now  learnt,  the  atoms  of  the  various  elements  have  different  relative 
weights,  hence  these  symbols  represent  relative  weights  of  ma.tter. 
The  symbol  Na  signifies  23  relative  parts  by  weight  of  sodium,  O 
stands  for  16  relative  parts  by  weight  of  oxygen,  H  for  i  part  of 
hydrogen  ;  in  other  words,  the  weight  of  sodium  represented  by 
the  symbol  Na  is  23  times  as  heavy  as  that  which  is  conveyed 
by  a  symbol  H.  A  chemical  equation,  therefore,  is  a  strictly 
quantitative  expression,  in  which  certain  definite  weights  of  matter 
are  present  in  the  form  of  the  reacting  substances,  and  which 
reappear  without  loss  or  gain  in  the  compounds  resulting  from  the 
change.  In  this  sense  a  chemical  equation  is  a  mathematical 
expression.    Thus,  the  equation — 

Na  +  CI  =  NaCl, 

not  only  means  that  an  atom  of  sodium  combines  with  an  atom  ot' 
chlorine  and  forms  i  molecule  of  sodium  chloride,  but  it  also  mean^ 

23  +  35-5  =  58.5 
Na      CI      NaCl. 

In  other  words,  that  sodium  and  chlorine  unite  in  the  relative  pro- 
portion of  23  parts  of  the  former  and  35.5  parts  of  chlorine,  and 
produce  58.5  parts  of  sodium  chloride. 

In  the  same  way,  into  the  equation  which  expresses  the  action  of 

S3 
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sulphuric  acid  upon  sodium  carbonate,  we  read  the  quantitative 
meaning  of  the  symbols — 

• 

H,S04  +  NajCOg  =  Na,S04  +  CO,  +  H,0. 
2  46  46 

32  12  32  12  2 

64  48  64  32  16 


98*     +     106     =       142     +     44    +    18 

That  is  to  say,  98  parts  by  weight  of  sulphuric  acid  act  upon 
106  parts  of  sodium  carbonate,  producing  142  parts  of  sodium 
sulphate,  44  parts  of  carbon  dioxide,  and  18  parts  of  water.  It  will 
be  evident  that  it  becomes  a  matter  of  the  simplest  arithmetic  to 
calculate  the  weight  of  any  product  that  can  be  obtained  from  a 
given  weight  of  the  reacting  substances ;  or  vice  versd^  to  find 
the  weight  of  any  reacting  substance  which  would  be  required  to 
produce  a  given  weight  of  the  product  of  the  action. 

Not  only  is  information  respecting  the  quantitative  relations 
by  weight  embodied  in  a  chemical  equation,  but  when  gaseous 
substances  are  reacting,  the  equation  also  represents  the  volu- 
metric relation  between  the  gases.  In  order  that  the  volumetric 
relations  may  be  more  manifest,  the  equations  expressing  the  re- 
actions are  written  in  such  a  manner  as  to  represent  the  molecules 
of  the  substances. 

H  +  C1  =  HCl 

is  an  atomic  equation,  but  as  the  molecule  is  the  smallest  particle 
which  can  exist  alone,  a  more  exact  statement  of  the  chemical 
change  is  made,  by  representing  the  action  as  taking  place  between 
molecules,  thus — 

M,  +  CI.  =  2JHCI. 

From  such  an  equation  we  see  that  i  molecule  of  hydrogen,  or 
2  unit  volumes,  unites  with  i  molecule  or  2  unit  volumes  of  chlorine, 
and  forms  2  molecules  or  4  unit  volumes  of  hydrochloric  acid  ; 
or  again — 

O.,  +  5JH.^  =  2H2O. 

One  molecule,  or  2  unit  volumes  of  oxygen,  unite  with  2  mole- 
cules, or  4  unit  volumes  of  hydrogen,  and  produce  2  molecules  of 

•  The  numlKT  obtained  hy  adding  together  the  weights  of  the  atoms  in  a 
formula  is  known  as  a  "  formula  weight,"  thus  98  is  the  formula  weight  of 
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water,  which  when  vaporised,  and  measured  under  the  same  con- 
ditions of  temperature  and  pressure,  occupy  4  unit  volumes.  In 
other  words,  the  number  of  molecules,  in  all  cases  *  where  gases 
and  vapours  arc  concerned,  represent  exactly  the  volumetric 
relations.  In  the  cases  quoted,  it  wilt  be  observed,  the  same  ratio 
also  subsists  between  the  number  of  cUoms  of  the  reacting  gases 
and  the  molecules  of  the  compound,  but  this  is  not  always  the 
case,  for  example — 

Atomic  equation,  Hg  +  2C1  =-  HgClg. 

In  this  equation  3  atoms  unite  to  produce  i  molecule,  but  the 
ratio  between  the  volumes  is  not  represented  by  the  statement, 

1  volume  of  mercury  vapour  and  2  volumes  of  chlorine  produce 

2  volumes  of  vapour  of  mercury  chloride. 

Molecular  equation,  Hg  +  CI2  =  HgClj. 

By  this  we  see  that  i  molecule  t  (2  unit  volumes)  of  mercury 
vapour  and  i  molecule  (2  unit  volumes)  of  chlorine  give  i  mole- 
cule (2  unit  volumes)  of  vapour  of  mercury  chloride. 

Again, 

P  +  3C1  =  PCI3 

is  an  atomic  equation,  showing  that  i  atom  of  phosphorus  unites 
with  3  atoms  of  chlorine  ;  but  it  is  not  true  that  the  ratio  between 
the  volumes  is  represented  by  the  statement,  i  volume  of  phos- 
phorus vapour  combines  with  3  volumes  of  chlorine  and  gives  2 
volumes  of  the  vapour  of  phosphorus  trichloride,  as  will  be  seen 
by  comparison  with  the  molecular  formulae — 

P4  +  6CI2  =  4PCI3. 

This  equation  tells  us  that  i  molecule  %  (2  unit  volumes)  of  phos- 
phorus vapour  combines  with  6  molecules  (12  unit  volumes)  of 
chlorine,  producing  4  molecules  (8  unit  volumes)  of  phosphorus 
trichloride  vapour. 

Knowing  the  relative  densities  of  gases  compared  with  hydro- 
gen, it  is  obviously  possible,  by  ascertaining  the  actual  weight  in 
grammes  of  some  definite  volume  of  hydrogen,  to  calculate  the 
actual  weight  of  any  given  volume  of  any  other  gas. 

Two  units  are  in  common  use,  namely — 

*  See  Dissociation,  where  apparent  exceptions  are  explained. 

t  The  atomic  volume  of  mercury  vapour  being  equal  to  2  unit  volumes  (p.  44). 

X  The  atomic  volume  of  phosphorus  is  .5  of  a  unit  volume  (p.  44). 
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(i.)  The  weight  of  i  litre  of  hydrogen,  measured  at  a  temperature 
of  o"  C,  and  under  a  pressure  of  760  mm.  of  mercury.* 

(2.)  The  volume  occupied  by  i  gramme  of  hydrogen,  measured 
under  the  same  conditions. 

1.  One  litre  of  hydrogen,  measured  at  the  standard  temperature 
and  pressure,  weighs  .0896  grammes.t  This  number  is  known  as 
the  crith;\  and  by  means  of  it  the  weight  of  i  litre,  and  therefore 
any  given  volume,  of  any  gas  can  be  deduced  :  thus,  the  relative 
densities  of  oxygen,  nitrogen,  and  chlorine  are  16,  14,  and  35.5 
respectively,  therefore  i  litre  of  these  gases  (measured  always  at 
the  standard  temperature  and  pressure)  weighs  16  criths,  14  criths, 
and  35.5  criths  respectively,  or — 

I  litre  of  oxygen  weighs  16    x  .0896=  1.4336  grammes. 
I       „       nitrogen     „      14    x. 0896=  1.2544        „ 
I       „       chlorine      „      35.5  x. 0896  =  3. 1808        „ 

So  also  with  reference  to  compound  gases,  where  in  each  case 
the  density  is  represented  by  the  half  of  the  molecular  weight. 
Thus,  the  relative  densities  of  hydrochloric  acid,  ammonia,  and 
carbon  dioxide  are — 

HCl'-±^5  =  i8.25, 
2 


2 

I2  +  32_ 


NH3'^-p=8.5, 


and  the  weights  of  i  litre  of  these  gases  are  therefore — 

I  litre  of  hydrochloric  acid=  18.25  x  .0896=  1.6352  gramme. 
I       „      ammonia  =8.5   x. 0896= a 76 10        „ 

I       „      carbon  dioxide      =22.0   x  .0896  =  i .97 1 2         „ 

II.  The  volume  occupied  by  i  gramme  of  hydrogen  at  the 
standard  temperature  and  pressure  is  11.165  litres.  As  the  rela- 
tive density  of  oxygen  is  16,  it  obviously  follows  that  16  grammes 

*  This  temperatare  and  pressure  is  chosen  as  the  standard  at  which  volumes 
of  gases  are  compared.     See  General  Properties  of  Gases,  chapter  ix. 

t  From  time  to  time  slightly  different  vahies  have  been  given  for  this 
constant.     The  most  recent  determinations  give  the  number  .08988. 

X  From  the  Greek,  signifying  a  barley-corn,  and  used  symbolically  to  denote 
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of  this  gas  will  also  occupy  11.165  litres;  in  other  words,  this 
number  11. 165  represents  the  volume  in  litres  of  any  gas,  which 
will  be  occupied  by  the  number  of  grammes  corresponding  to  its 
relative  density,  thus — 

14  grammes  of  nitrogen    .        .    occupy  11. 165  litres. 
35.5         „         chlorine     .        .        „        11.165     „ 
18.25        „         hydrochloric  acid      „        11. 165     „ 
22.0         „         carbon  dioxide .        ,,         11. 165    „ 

The  number  of  grammes  of  a  substance,  equal  to  the  number 
which  represents  its  molecular  weight,  is  spoken  of  as  the  gramme- 
molecule.  The  molecular  weight  of  hydrogen  =  2,  therefore  the 
gramme-molecule  of  hydrogen  (that  is,  2  grammes  of  hydrogen) 
will  occupy  11.165x2  =  22.33  litres.  The  molecular  weight  of 
oxygen =32,  therefore  32  grammes  of  oxygen  will  occupy  22.33 
litres ;  in  other  words,  22.33  litres  is  the  volume  which  will  be 
occupied  by  the  gramme-molecule  of  any  gas. 

By  means  of  this  important  constant,  22.33,  ^^  volume  of  any, 
or  all,  of  the  gaseous  products  of  a  chemical  change  (when 
measured  at  the  standard  temperature  and  pressure)  can  be  de- 
duced directly  from  the  equation  representing  the  change,  thus — 

Zn+H,S04  =  ZnS04  +  H, 

expresses  the  reaction  taking  place  when  zinc  is  dissolved  in 
sulphuric  acid.  Just  as  tn  the  former  illustrations  it  carries  the 
information  that  65  grammes  of  zinc +98  grammes  of  sulphuric 
acid  produce  161  grammes  of  zinc  sulphate  and  2  grammes  of 
hydrogen.  But  2  grammes  of  hydrogen  occupy  22.33  litres,  there- 
fore by  the  solution  of  65  grammes  of  zinc,  the  volume  of  hydrogen 
obtained  will  be  22.33  litres. 

So  also  in  the  following  equation,  which  represents  the  formation 
of  carbon  dioxide  from  chalk  (calcium  carbonate)  by  the  action 
upon  it  of  hydrochloric  acid — 


CaCOa      +      2HC1       = 

CaCljj 

-i 

H.p 

+ 

COo. 

40+ 12-*.  48        2(1+35.5) 

40  +  71 

2  +  16 

12  +  32 

100          +          73         ^ 

III 

+ 

18 

-H 

44 

100  grammes  of  chalk,  when  acted  upon  by  73  grammes  of  hydro- 
chloric acid,  yield  11 1  grammes  of  calcium  chloride  and  18 
grammes  of  water,  and  44  grammes. of  carbon  dioxide. 

Carbon  dioxide  is  gaseous,  therefore  44  grammes  (the  gramme- 
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(i.)  The  weight  of  i  litre  of  hydrogen,  measured  at  a  temperature 
of  o*  C,  and  under  a  pressure  of  760  mm.  of  mercury.* 

(2.)  The  volume  occupied  by  1  gramme  of  hydrogen,  measured 
under  the  same  conditions. 

I.  One  litre  of  hydrogen,  measured  at  the  standard  temperature 
and  pressure,  weighs  ^96  grammes.!  This  number  is  known  as 
the  critkj\  and  by  means  of  it  the  weight  of  1  litre,  and  therefore 
.iny  given  volume,  of  nny  gas  can  be  deduced  :  thus,  ihe  relative 
densities  of  oxygen,  nitrogen,  and  chlorine  are  16,  14,  and  3;.; 
respectively,  therefore  1  litre  of  these  gases  (measured  always  at 
the  standard  temperature  and  pressure)  weighs  16  criths,  14  critbs, 
and  35.5  criths  respectivelj',  or — 

I  litre  of  oxygen  weighs  16    x. 0896=  1.4336  grammes. 
I       „      nitrogen     „      14    x  .0896^  1.2544        „ 
1       „      chlorine     „      3S.sx.oS96=3.i8o8        „ 

So  also  with  reference  to  contpound  gases,  where  in  each  case 
the  density  is  represented  by  the  half  of  the  molecular  weight. 
Thus,  the  relative  densities  of  hydrochloric  acid,  ammonia,  and 
carbon  dioxide  are — 

Ha'-±»s. 


and  the  weights  of  1  litre  of  these 
1  litre  of  hydrochloric  acid  =  ia.25 


II.  The  volume  occupied  by   [  gramme  of  liydrogen  a 
standard  temperature  and  pressure  is  11.165  litres.      As  tttt,n 
ti\-c  density  of  oxygen  is  16,  it  0b\ioU5ly  follows  that  II 

■  This  leraperatute  an 
of  gases  are  compared     See  General  lYoperti 

+  From   time  lo  time   slightly  diBbvot  " 
constant.    The  most  recent  detemdiiatkttf 

X  Prom  the  Greek,  signifying  a.  haricj-i 
a  iillle  weight. 
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molecule)  will  occupy,  at  the  standard  temperature  and  pressure, 
22.33  litres ;  hence,  by  the  decomposition  of  100  grammes  of 
chalk,  22.33  litres  of  carbon  dioxide  are  produced. 

This  chapter  may  be  concluded  with  one  illustration  of  the 
methods  employed  in  the  exact  determination  of  atomic  weights 
which  depends  essentially  upon  the  quantitative  character  of 
chemical  reactions.  By  the  three  following  processes  the  atomic 
weights  of  chlorine,  potassium,  and  silver  may  be  deduced. 

1.  By  heating  a  known  weight  of  potassium  chlorate,  the  formula 
weight  of  potassium  chloride  is  found — 

KCIO3  =  KCl  +  30. 

50  grammes  of  potassium  chlorate  when  heated  left  a  residue 
of  potassium  chloride  weighing  30.395  grammes.  50  -  30.395  « 
19.605  =  grammes  of  oxygen  evolved. 

As  potassium  chlorate  contains  in  its  formula  weight  3  atoms 
of  oxygen  (16  x  3  =  48),  we  get  the  expression — 

19.605  :  30.395  =  48  :  74.40= formula  weight  of  potassium  chloride. 

2.  By  dissolving  a  known  weight  of  potassium  chloride,  and 
adding  to  it  excess  of  silver  nitrate,  silver  chloride  is  precipitated, 
which  can  be  washed  and  dried  and  weighed,  and  from  which  the 
formula  weight  of  silver  chloride  is  obtained — 

KCl  +  AgNOa  =  AgCl  +  KNO3. 

10  grammes  of  potassium  chloride  were  found  to  yield  19.225 
grammes  of  silver  chloride  ;  therefore, 

10  :  19.225  =  74.40  :  143.03  =  formula  weight  of  silver  chloride. 

3.  By  the  direct  combination  of  silver  and  chlorine,  by  heating 
the  metal  in  a  stream  of  the  gas,  the  ratio  of  chlorine  to  silver  in 
silver  chloride  is  found  : 

10  grammes  of  silver  so  treated  yielded  13.285  grammes  of  silver 
chloride  ;  therefore, 

13.285  :  10  =  143.03  :  107.66  =  atomic  weight  of  silver. 

Since  the  formula  weight  of  silver  chloride,  AgCl  =  143.03, 

therefore,  143.03-  107.66  =  35.37  =  atomic  weight  of  chlorine. 
And  since  the  formula  weight  of  potassium  chloride,  KCl  =  74.40, 

therefore,  74-40  -  35-37  =  39-03  =  atomic  weight  of  potassium. 


CHAPTER  VIII 

VALENCY  OP  THE  ELEMENTS 

When  chlorine  unites  with  hydrogen,  the  combination  takes  place 
between  one  atom  of  chlorine  (relative  weight  =  35.5)  and  one 
atom  of  hydrogen  (relative  weight  =1);  but  when  oxygen  com- 
bines with  hydrogen,  one  atom  of  oxygen  unites  with  iwo  atoms 
of  hydrogen.  The  compound  ammonia  consists  of  one  atom  of 
nitrogen,  combined  with  /Aree  atoms  of  hydrogen  ;  while  one  atom 
of  carbon,  on  the  other  hand,  can  unite  with  /our  atoms  of 
hydrogen. 

One  atom  of  chlorine  never  combines  with  more  than  one  atom 
of  hydrogen  ;  its  affinity  for  that  element  is  satisfied,  or  saiurated^ 
by  union  with  one  atom. 

The  affinity  of  one  atom  of  oxygen  for  hydrogen,  however,  is 
not  satisfied  by  one  atom  of  that  element,  but  requires  two  atoms 
for  its  saturation  ;  while  nitrogen  requires  three,  and  carbon  four 
hydrogen  atoms,  in  order  to  satisfy  their  respective  affinities  for 
this  element. 

This  varying  power  of  combining  with  hydrogen  is  seen  in  a 
number  of  other  instances :  thus,  the  elements  fluorine,  bromine, 
and  iodine,  resemble  chlorine  in  being  only  able  to  unite  with  one 
atom  of  hydrogen.  Sulphur,  like  oxygen,  has  its  affinity  for 
hydrogen  saturated  by  two  atoms  of  that  element.  Phosphorus 
and  arsenic  require  three  atoms  of  hydrogen  in  order  to  saturate 
their  combining  capacity,  while  silicon  resembles  carbon  in  com- 
bining with  four  hydrogen  atoms.  This  combining  capacity  of 
an  element  is  termed  its  valency.  Elements  like  chlorine, 
fluorine,  bromine,  and  iodine,  whose  atoms  are  only  capable 
of  uniting  with  one  atom  of  hydrogen,  are  called  monovalent 
(or  sometimes  monad)  elements ;  while  those  whos^  atoms  com- 
bine with  two,  three,  or  four  hydrogen  atoms,  are  distinguished 
as  di-valent  (or  dyad),  tri-valent  (or  triad),  and  tetra-valent  (or 

tetrad)  elements.      All   elements,   however,   are    not   capable   of 
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entering  into  combination  with  hydrogen  ;  in  which  case,  their 
valency  is  measured  by  the  number  of  atoms  of  some  other 
monovalent  element  which  is  capable  of  satisfying  their  com- 
bining capacity.    Thus : — 

atom  of  sodium  combines  with  x  atom  of  chlorine,  forming  NaQ. 
calcium      ..        ..        2  atoms        ,.  ,.  CaClj. 


boron         ,, 
tin  ,, 

phosphorus  * 
tungsten     , , 


3  •»  M  M  BClj. 

4  ti  II    '        •»  SnCl^. 

5  »•  ••  •»  *  vrf*5« 

6 WCle. 


In  the  combinations  of  elements  with  hydrogen  alone,  no  in- 
stances are  known  in  which  a  higher  valency  is  exhibited  than 
that  of  four  ;  but  with  chlorine,  as  here  seen,  cases  are  known  in 
which  elements  exhibit  pentavalent  and  hexavalent  characters. 

Measured  by  their  combining  capacity  for  hydrogen  and  chlorine, 
elements  do  not,  however,  always  exhibit  the  same  valency  :  thus, 
the  affinity  of  phosphorus  for  hydrogen  is  satisfied  by  three  hydrogen 
atoms,  whereas  one  atom  of  this  element  can  unite  with  five  atoms 
of  chlorine. 

As  measured  by  hydrogen,  the  valency  of  sulphur  is  two,  the 
compound  that  it  forms  with  hydrogen  being  expressed  by  the 
formula  SHj,  while,  as  estimated  by  its  capacity  for  chlorine,  it 
becomes  tetravalent,  as  seen  in  the  compound  SCI4.  As  a  general 
rule,  however,  the  highest  number  of  monovalent  atoms  with  which 
one  atom  of  an  element  is  capable  of  combining  is  accepted  as 
representing  the  valency  of  that  element.  Thus,  one  atom  of 
phosphorus  not  ^nly  combines  with  five  atoms  of  chlorine,  but 
also  with  five  atoms  of  fluorine  ;  phosphorus  is  therefore  a  penta- 
valent element. 

As  measured  by  hydrogen  alone,  or  by  chlorine  alone,  nitrogen 
is  a  trivalent  element,  for  the  largest  number  of  these  atoms  with 
which  one  atom  of  nitrogen  can  unite  is  three,  as  seen  in  the 
compounds  having  the  composition  NH3  and  NCI3 ;  neverthe- 
less, one  atom  of  nitrogen  is  capable  of  combining  with  four 
atoms  of  hydrogen  and  one  of  chlorine,  forming  the  compound 
NH4CI,  ammonium  chloride,  in  which  the  nitrogen  atom  is  penta- 
valent. • 

This  rule,  however,  is  not  always  followed  ;  for  example,  one 
atom  of  iodine  will  unite  with  three  atoms  of  chlorine,  forming  the 

*  Phosphorus  also  combinci^  with  hydrogen. 
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compound  ICI3,  but  iodine  is  not  generally  regarded  as  a  trivalent 
element* 

In  symbolic  notation,  this  power  possessed  by  an  atom,  of  uniting 
to  itself  monovalent  atoms,  is  often  represented  by  lines,  each  line 
signifying  the  power  of  combination  with  one  monovalent  atom. 
Thus,  in  the  symbol  H— CI,  the  line  is  intended  to  give  a  concrete 
expression  to  the  fact  that  both  hydrogen  and  chlorine  are  mono- 
valent elements,  and  that  the  affinity  of  each  element  for  the 
other  is  satisfied  when  one  atom  of  the  one  unites  with  one  atom  of 
the  other.  The  symbol  H — O — H,  in  like  manner,  signifies  that 
the  oxygen  atom  is  divalent,  that  its  affinity  for  hydrogen  is  satisfied 
only  when  it  has  united  with  two  monad  atoms.  In  the  same  way 
we  may  express  the  facts  that  nitrogen  and  carbon,  in  their  com- 
binations with  hydrogen,  are  respectively  trivalent  and  tetravalent, 

H 


by  the  symbols  H — N — H,  and  H— C — H.     These  lines  are  merely 

I  I 

H  H 

a  convenient  symbolic  expression  for  the  operation  of  the  force  of 
chemical  affinity  ;  their  length  and  direction  bear  no  meaning.! 
The  power  to  combine  with  one  monovalent  atom  is  sometimes 
spoken  of  simply  as  one  affinity :  thus  it  is  said  that  in  the  com- 
pound having  the   composition    PH3,  or  H — P — H,  three  of  the 

H 
affinities  of  the   phosphorus  atom  are  saturated,  and   that  two 
affinities  still  remain   unsatisfied,  phosphorus,  as  already  stated, 
being  a  pentavalent  element. 

*  See  Iodine,  Compounds. 

t  The  student  cannot  Ix?  too  often  warned  against  attaching  any  materialistic 
significance  to  these  lines.  The  use  of  this  convention  is  always  attended  with 
the  danger  that  the  beginner  is  liable  to  fall  into  the  error  of  regarding  these 
lines  as  representing  in  some  manner  fixed  points  of  attachment,  or  links, 
between  the  atoms.  It  must  be  remembered,  therefore,  that  these  lines  not  onlv 
have  no  materialistic  signification,  but  they  must  not  even  l)e  regarded  as  convey- 
ing any  statical  meaning,  llie  atoms  are  undergoing  rapid  movements  with 
respect  to  each  other,  which  movements  are  in  some  way  governed  by  the 
chemically  attractive  force  exerted  by  the  individual  atoms  upon  one  another  ; 
and  the  molecule  will  be  more  correctly  considered,  if  we  regard  its  atoms  as 
being  held  together  in  a  manner  resembling  that  by  which  the  numbers  of  a 
cosmical  system  are  bound  together.  The  lines  simply  denote  that  the  atoms 
arc  held  to  each  other  by  the  attractive  force  which  we  call  chemical  affinity. 
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Compound!  of  this  order,  In  which  one  of  the  elements  has  still 
unsatisfied  affinities,  are  called  unsaturated  compounds. 

In  its  power  to  satisfy  the  affinities  of  an  element,  a  divalent 
atom  is  equal  to  two  monovalent  atoms  :  thus,  when  the  affinities 
of  the  tetravalent  carbon  atom  are  saturated  with  oxygen,  the  mole- 
cule contains  two  atoms  of  oxygen,  which  may  be  symbolically 
expressed  thus,  0  =  C  =  0,  in  which  the  four  affinities  of  the 
carbon  (represented  by  the  four  lines)  are  satisfied  by  the  two 
divalent  atoms  of  oxygen.  Carbon,  however,  combines  with  a 
smaller  proportion  of  oxygen,  forming  the  compound  carbon  mon- 
oxide, CO.  The  carbon  atom  in  this  case  is  divalent,  as  expressed 
by  the  formula  C  =  0,  and  this  substance  is  also  an  unsaturated 
compound. 

The  number  of  divalent  atoms  with  which  an  element  can  unite 
cannot,  however,  be  taken  as  a  safe  criterion  or  measure  of  the 
valency  of  that  element  in  cases  where  that  number  is  greater 
than  I  ;  for  example,  in  such  a  compound  as  calcium  oxide,  CaO, 
we  regard  the  two  affinities  of  the  divalent  atom  of  oxygen  as  being 
satisfied  by  two  affinities  possessed  by  the  calcium,  and  express  this 
belief  in  the  formula  Ca  =  0,  and  regard  the  calcium  as  divalent. 
In  the  same  way,  in  carbon  monoxide,  CO,  the  carbon  being  united 
with  one  atom  of  the  divalent  element  oxygen  is  itself  divalent  in 
this  compound  ;  but  in  the  case  of  carbon  dioxide,  where  the  carbon 
atom  is  united  with  two  atoms  of  divalent  oxygen,  we  arc  not 
justified  in  asserting  that  the  atoms  are  united,  as  represented  by 
the  formula  O  =  C  =  O,  in  which  the  four  affinities  of  carbon 
are  represented  as  saturated  with  oxygen.  There  exists  no  posi- 
tive proof  that  the  carbon  is  not  divalent  in  this  compound,  and 
that  the  molecule  does  not  consist  of  three  divalent  atoms  united, 

C 
as  shown  in  the  formula  /  \.      From  the  feet,  however,  that  car- 

O O 

bon  forms  a  compound  with  four  atoms  of  hydrogen,  and  another 
with  four  atoms  of  chlorine,  we  know  that  this  element  is  tetra- 
valent, and  therefore  we  believe  that  in  carbon  dioxide  it  is  also 
tetravalent. 

Again,  as  measured  by  its  compound  with  hydrogen,  sulphur  is 
divalent  ;  while  with  chlorine  it  forms  SCI4.  But  sulphur  unites 
with  oxygen,  forming  the  two  compounds  sulphur  dioxide,  SOj,  and 
sulphur  trioxide,  SO3.    If  it  be  assumed  that  in  these  molecules  the 
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whole  of  the  oxygen  affinities  are  satisfied  with  sulphur,  then  the 
symbolic  representation  of  these  oxides  will  be  O  =  S  =  O,  and 
0  =  S=0,  the  sulphur  being  in  one  case  tetravalent  and  in  the 

II 
O 

other  hexavalent    There  is,  however,  no  positive  proof  that  the 

affinities  of  one  oxygen  atom  are  not  partially  satisfied  by  union 

with  another  oxygen  atom,  and  that  the  valency  of  the  sulphur  is 

higher  than  either  two  or  four,  as  seen  in  the  alternative  formulae, 

S  ^^  S 

SOj  /\  SO,     I    \=0;or    /    \ 

o — o  (j)/  0-0    O 

Although  there  are  no  known  compounds  in  which  an  atom  of 
sulphur  is  united  with  six  monovalent  elements,  sulphur  is  regarded 
by  many  chemists  as  capable  of  fulfilling  the  functions  of  a  hexa- 
valent element* 

It  will  be  evident  from  these  considerations,  that  in  many  cases 
the  valency  of  an  element  is  a  variable  quantity,  depending  partly 
upon  the  particular  atoms  with  which  it  unites.  It  is  also  found 
that  it  is  dependent  in  many  instances  upon  temperature  and 
upon  pressure.  Thus,  between  a  certain  limited  range  of  tem- 
perature, one  atom  of  phosphorus  combines  with  five  atoms  of 
chlorine  in  the  compound  PCl^  but  above  that  limil  two  atoms 
of  chlorine  leave  the  molecule,  and  the  phosphorus  becomes  tri- 
valent.  Again,  if  phosphoretted  hydrogen,  PH3,  be  mixed  with 
hydrochloric  acid,  HCl,  and  the  mixed  gases  be  subjected  to 
increased  pressure,  the  gases  combine  an4  form  a  solid  crystalline 
compound  known  as  phosphonium  chloride,  PH4CI,  in  which  the 
phosphorus  atom,  being  united  with  five  monovalent  atoms,  is 
pentavalent.  When  the  pressure  is  released  an  atom  of  hydrogen 
and  an  atom  of  chlorine  leave  the  molecule,  and  the  phosphorus 
returns  to  its  trivalent  condition. 

A  compound,  in  whose  molecules  there  is  an  atom  which  for  the 
time  being  is  not  functioning  in  its  highest  recognised  valency, 
often  exhibits  a  readiness  to  unite  with  additional  atoms  to  form 
new  compounds  :  thus,  ammonia  combines  eagerly  with  hydro- 
chloric acid,  forming  ammonium  chloride — 

NH3  +  HCl  =.  NH4CI. 

*  Quite  recently,  however,  Moissan  has  obtained  a  perfluoride  of  sulphur, 
SFf.  in  which,  therefore,  the  sulphur  atom  must  be  regarded  as  hexavalent. 
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Carbon  monoxide  unites  directly  with  chlorine  to  form  carbonyl 

chloride — 

CO  +  Clj  =  COClg. 

Carbon  monoxide  also  combines  with  an  additional  atom  of 
oxygen,  and  gives  carbon  dioxide,  thus — 

2CO  +  02=2C02. 

In  this  last  action  it  will  be  seen  that  the  molecule  of  carbon 
monoxide,  in  being  converted  into  the  dioxide,  takes  up  one  atom 
of  oxygen  ;  but  as  the  molecule  of  oxygen  is  the  smallest  isolated 
particle,  it  follows  that  the  two  atoms  contained  in  such  a  molecule 
must  first  separate,  and  each  one  then  furnishes  the  requisite 
additional  oxygen  for  one  molecule  of  carbon  monoxide.  In  the 
union  of  carbon  monoxide  with  chlorine,  and  of  ammonia  with 
hydrochloric  acid,  are  we  to  suppose  that  the  same  action  takes 
place?  That  is  to  say,  do  the  two  atoms  in  the  molecule  of 
chlorine  separate  from  each  other  and  unite  with  carbon,  thereby 
satisfying  its  tetrad  valency,  in  the  manner  here  expressed  ?  — 


CI  — 


CK 

—  ci  +  co=     x=o 


Cl/ 


And  in  the  case  of  ammonia  and  hydrochloric  acid,  do  the 

hydrogen  and  chlorine  atoms  part,  and   each   unite    with    the 

nitrogen  atom,  thereby  raising  it  from  the  trivalent  to  the  penta- 

valent  condition  ?  thus — 

Cl      H 

\  \/ 

H  —  —  Cl  +  H  —  N— H  =  H  —  N  —  H. 

I  I 

H  H 

Or  are  we  to  suppose  that  the  two  molecules,  without  losing  their 
integrity,  become  held  together  as  independent  molecules,  by 
virtue  of  the  unsatisfied  affinities  of  the  carbon,  or  the  nitrogen, 
as  the  case  may  be,  in  which  case  the  compounds  might  be  repre- 
sented thus — 

Cl  H  —  Cl 

|C  =  0  H  — N  — H. 

Cl  I 

H 

This   question   would  be  settled   by  detennining   the  vapour- 
sity  of  the  compound.     If,  for  instance,  we  were  to  find  the 
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• 

vapour-density  of  ammonium  chloride  to  be  26.7^,  then  the  com- 
pound having  the  composition  NH4CI  would  have  the  normal 
molecular  volume,  that  is,  its  molecule  would  occupy  two  unit 
volumes,*  and  the  conclusion  would  be  that  the  vapour  consisted 
of  single  molecules  of  the  composition  represented  by  the  formula 
NH4CL  But  ammonium  chloride  at  ordinary  temperatures  is  a 
solid,  and  when  heated  to  the  temperature  necessary  to  convert  it 
into  vapour  its  molecules  break  up  into  separated  molecules  of  the 
two  original  gases — ammonia,  NH3,  and  hydrochloric  acid,  HC1.+ 
So  that  we  are  unable  to  gain  any  information  in  this  direction 
as  to  the  mode  in  which  the  atoms  are  disposed  in  the  compound. 
When  the  two  gases  are  brought  together  under  ordinary  condi- 
tions, they  combine  with  the  evolution  of  considerable  heat,  owing 
to  loss  of  energy ;  this  is  taken  as  evidence  that  true  chemical 
action,  in  the  sense  of  atomic  rearrangement,  has  resulted,  hence 
it  is  believed  that  in  this  compound  the  nitrogen  is  united  with  the 
five  monovalent  atoms,  and  consequently  is  pentavalent. 

In  the  case  of  carbonyl  chloride,  COCl,,  the  vapour-density  can 
be  ascertained,  this  compound  existing  in  the  gaseous  condition 
at  the  ordinary  temperatiire.  Its  vapour-density,  determined  by 
experiment,  is  found  to  be  50.6.  This  number,  divided  into  the 
molecular  weight  of  the  compound  having  the  composition  COCI.^, 
gives  practically  the  number  2  as  the  molecular  volume  of  the 
compound.  Hence  we  conclude  that  these  four  atoms  constitute 
a  single  molecule. 

There  are  a  number  of  combinations,  however,  in  which  mole- 
cules of  different  compounds  unite,  that  do  not  So  readily  admit  of 
explanation,  because  in  neither  of  the  molecules  is  there  any 
atom  functioning  in  a  lower  state  of  valency  than  that  which 
it  is  known  to  be  capable  of.  For  example,  the  monovalent 
elements  fluorine  and  hydrogen  form  the  compound  hydrofluoric 
acid,  HF  ;  fluorine  also  combines  with  the  monovalent  element 
potassium,  forming  potassium  fluoride,  KF.  Both  of  these  com- 
pounds come  under  the  head  of  saturated  compounds,  in  the  sense 
that  neither  of  them  contains  an  atom  which  is  known  to  be 
capable  of  exercising  a  higher  valency  than  it  exhibits  in  these 
compounds.  Nevertheless  these  two  molecules  unite  together  and 
form  a  definite  chemical  compound,  known  as  hydrogen-potassium 
fluoride. 

Again,  the  divalent  element  zinc  combines  with  two  atoms  of 

*  Sec  p.  43.  t  Sec  Dissociation,  p.  89. 
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the  monad  clement  clilorine,  forming  /inc  chloride,  7.nCI, ;  (he 
[wo  monovalenl  elements  sodium  and  chlorine  also  combine, 
giving  the  compound  sodium  chloride,  NaCI.  Both  of  these 
substances  mu^I  be  regarded  as  saturated  compounds,  and  yei 
they  unite  with  each  other,  forming  a  distinct  chemical  compound, 
known  as  sodium  zinc  chloride.  Such  compounds  as  these  arc 
known  as  double  salts,  and  examples  might  be  multiplied  almost 
indefinitely.  A  similar  union  of  molecules,  where  the  recognised 
valency  of  the  atoms  is  all  satisfied,  is  seen  in  a  large  number 
of  compounds  containing  water  of  crystallisation  ;♦  for  eicampte, 
the  divalent  element  copper,  in  combination  with  two  atoms  of 
chlorine,  forms  cupric  chloride,  CuClj.  The  divalent  element 
oxygen,  in  combination  with  two  hydrogen  atoms,  forms  water, 
H,0,  When  cupric  chloride  crystallises  from  aqueous  solution, 
each  molecule  of  the  chloride  unites  to  itself  two  molecules  of 
ivater,  which  is  therefore  termed  water  of  crystallisation. 

In  chemical  notation,  it  Is  usual  to  represent  compounds  of  this 
order  by  placing  the  formula  of  the  different  molecules  that  have 
entered  into  union  in  juxtaposition,  with  a  comma  between  ; 
accordingly,  the  examples  here  quoted  would  be  indicated  thus — 

Hydrogen  potassium  fluoride  HF.KF.  ^^H 

Sodium  :iinc  chloride     ....    ZnCli.Naa     ^H 
Crystallised  cupric  cliloride   .  .    CuCi^2H,0.    ^^| 

Combinations  of  this  order  are  by  no  means  confined  to  the 
union  of  tuio  kinds  of  molecules,  as  the  foUowin<,'  examples  will 


Platinum  sodium  chloride    . 
Mercuric  potassium  chloride 


PtCl4,2NaCl,eHA 
2HgCl^KCl,3HjO, 


At  the  present  time  our  knowledge  of  the  nature  of  the  union 
between  these  various  molecules  is  too  imperfect  tu  admit  of  any 
precise  explanation  \  such  compounds  are  frequently  distinguished 
as  moUcular  combinations. 

It  niust  be  [ememberiHl  that  our  ideas  o(  valcncj'  me  iKuett  mainly  upon  Uie 
eonsidcmtion  of  matter  in  the  gaieous  stnt?  r  ai  present  wc  have  little  cenain 
knowledge  as  to  the  valency  or  elements  in  liquid  an<l  solid  compounds.  Most 
'    '       ^impounds  lielonging  to  the  doss  we  are  now  dlscus^g  are  solid,  ■     * 
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it  is  quite  conceivable  that  the  valency  of  an  element  might  increase  as  the 
compounds  in  which  it  functions  pass  from  the  gaseous  to  the  liquid  and  solid 
state. 

There  is  also  another  consideration  that  must  not  be  overlooked.  The 
unit  of  ineasure  that  has  been  adopted  for  estimating  valency,  namely,  i  mono- 
vsdent  atom,  is  probably  only  an  extremely  rough  and  crude  measure,  which 
is  incapable  of  appreciating  smaller  differences  of  combining  capacity  that 
may,  and  most  probably  do,  exist.  Its  use  may  he  compared  to  the  adoption 
of  a  single  unit,  say  i  gramme,  for  the  estimation  of  mass  or  weight ;  when, 
if  a  given  quantity  of  matter  has  a  weight  equal  to  i  gramme,  but  less  than 
2  grammes,  its  weight  would  be  i ;  if  greater  than  2  grammes,  but  less 
than  3,  then  its  weight  would  be  2— a  method  of  estimating  which  tacitly 
assumes  that  no  intermediate  weights  of  matter  between  the  various  multiples 
of  the  selected  unit  are  possible.  There  is  no  evidence  to  show  that  the  com- 
bining capacity  of  an  element  is  excLctly  expressed  by  simple  multiples  of  a 
monovalent  atom. 

For  example,  in  the  simplest  form  of  combination,  such  as  that  between 
hydrogen  and  chlorine — where  the  molecule  contains  i  atom  of  each  element 
—  I  hydr<^en  atom  unites  with  i  chlorine  atom,  that  is  to  say,  with  a  mass  of 
chlorine  weighing  35.5  times  its  own  weight ;  and  we  say  that  the  mutual 
affinities  of  these  atoms  are  satisfied.  But  for  anything  we  know  to  the  con- 
trary, an  atom  of  hydrogen  may  have  an  affinity  for  chlorine  \\hich  would 
enable  it  to  unite  with  a  mass  of  chlorine  weighing  40  or  45  or  50  times  its  own 
weight,  but  not  a  mass  weighing  71  (35.5x2)  times  its  own.  But  since  a  mass 
of  chlorine  35.5  times  the  weight  of  a  hydrogen  atom  is  the  smallest  quantity 
that  is  ever  known  to  take  part  in  a  chemical  change,  is  the  chemically  indivisible 
mass  we  call  an  atom,  it  follows  that  as  the  hydrogen  atom  has  not  sufficient 
combining  capacity  to  unite  with  2  atoms,  it  is  compelled  to  be  satisfied  with 
I.  It  might  still,  however,  retain  a  residual  combining  capacity.  Or  the 
residual  combining  capacity  may  be  lodged  in  the  chlorine  atom,  which  may 
be  conceived  as  being  able  to  unite  with  a  greater  weight  of  hydrogen  than  is 
represented  by  i  aton),  but  not  so  much  as  that  of  2  atoms. 

Each  of  the  elements  fluorine,  chlorine,  bromine,  and  iodine  unites  with 
T  atom  of  hydrogen,  and  we  represent  their  compounds  in  a  similar  manner, 
thus— 

H  -  F  ;         H  -  a  ;         H  -  Br  ;        H  -  I ; 

but  we  make  an  enormous  assumption  if  we  suppose  that  in  each  of  these 
compounds  the  mutual  affinities  of  the  atoms  is  equally  satisfied. 

For  example,  the  fluorine  compound  exhibits  a  tendency  to  unite  itself  to 
other  compounds  of  fluorine  (and  to  a  much  more  marked  degree  than  is  seen 
in  the  case  of  hydrochloric  acid),  resulting  in  the  formation  of  such  double 
fluorides  as  the  following  :— 

Hydrogen  potassium  fluoride        ....     KF.HF. 

Hydrogen  bismuth  fluoride BiFj,3HF. 

Hydrogen  silicon  fluoride  (Hydro-fluo-silicic  acid)    SiF4,2HF. 

And  there  is  reason  for  believing  that  the  molecules  of  hydrofluoric  ackl 
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are    capable   of   uniting    amongst  themselves,   forming  the  more  complez 
molecules  H^Fa  or  HgFj,  or  HnFn.* 

Assuming  the  residual  combining  power  to  reside  in  the  fluorine  atom,  and 
representing  this  by  means  of  dotted  lines,  we  may  express  the  composition  of 
these  compounds  thus — 


H 

I 


K'-'F  —  H 


H-/- >-H,  H-F.-F-Bi-F-F-H; 

F  F^ 

H-F<      ^Si<       >F-H. 


*  See  Hydrofluoric  Acid. 


CHAPTER  IX 
GENERAL  PROPERTIES  OF  GASES 

Under  the  head  of  the  general  properties  of  gases  it  will  be  con- 
venient to  consider  the  following  subjects  :  ♦ — 

1.  The  relation  of  gases  to  heat. 

2.  The  relation  of  gases  to  pressure. 

3.  The  liquefaction  of  gases. 

4.  Diffusion  of  gases. 

5.  The  kinetic  theory  of  gases. 

The  Relation  of  Oases  to  Heat^The  fact  that  substances 

expand  when  heated,  and  again  contract  upon  being  cooled,  was 
observed  in  very  early  times.  The  feet  also  that  all  substances  do 
not  undergo  the  same  alterations  in  volume  when  subjected  to  the 
same  changes  of  temperature  has  been  long  known  ;  but  it  was  not 
until  the  beginning  of  the  nineteenth  century  that  it  was  proved  by 
Charles  and  Gay-Lussac  that  all  gases  expanded  and  contracted 
equally  when  exposed  to  the  same  alterations  of  temperature. 
This  law  is  generally  known  as  the  Law  of  Charles,  and  may  be 
thus  stated  :  IVA^n  a  gas  is  heated,  the  pressure  being  constant,  it 
increases  in  volume  to  the  same  extent  whatever  the  gas  may  be. 

The  increase  in  bulk  suffered  by  i  volume  of  a  gas  in  being 
heated  from  o*  to  i'  is  termed  the  coefficient  of  expansion,  and  if 
the  law  of  Charles  is  true  all  gases  will  have  the  same  coefficient 

Modem  research  has  shown  that  the  law  of  Charles  is  not  abso^ 
lutety  true,  and  the  extent  to  Which  gases  deviate  from  the  strict 
expression  will  be  seen  from  the  coefficients  of  expansion  given  in 
the  following  table  : — 

*  The  study  of  these  subjects  belongs  more  especially  to  the  science  of 
physics  or  diemioo-physics.  For  fuller  information  on  these  points  than  can 
be  included  within  the  scope  of  this  book  students  are  referred  to  special 
treatises  on  physics. 
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Air 

Hydrogen  . 
Carbon  monoxide 
Nitrogen    . 
Nitrous  oxide.    . 
Carbon  dioxide . 
Cyanogen , 
Sulphur  dioxide 


.033665' 

.003667 

.003667 

.003668, 

.003676 

.003688 

.003829 

.003845 


It  will  be  noticed  that  the  first  four  gases  have  almost  the  same 
coefTicient  of  expansion  :  these  gases  are  all  very  difficult  of  lique- 
faction, and  it  will  be  seen  that  the  coefficient  rapidly  rises  in  the 
case  of  the  other  gases,  which  are  easily  liquefied. 

For  purposes  of  ordinary  calculation  it  is  usual  to  adopt  the 
coefficient  of  expansion  of  air  as  applicable  to  all  gases.  It  will 
be  obvious  that  since  the  volume  of  a  gas  is  affected  by  alterations 
of  temperature,  it  becomes  necessar)',  when  measuring  the  volume 
of  a  gas,  to  have  regard  to  the  particular  temperature  at  which  the 
measurement  is  made,  and  in  order  to  compare  volumetric  measures 
they  must  be  all  referred  to  some  standard  temperature.  This 
standard  temperature  is  by  general  consent  o"  C. 

Taking  the  fraction  .003665,  therefore,  for  the  coefficient  — 

I  volume  of  a  gas  at  0°  becomes  1  +  .003665  volumes  at  i' 


or 


I 
I 


>i 


i» 


>' 


o 


» 


>i 


I   +  .003665  X   2 

I  'V  .003665  / 


Therefore  the  volume  at  /'  equals  the  volume  at  o"  multiplied  by 
I  +  .003665  /.  Let  V  be  the  volume  at  /',  and  v^  the  volume  at  0% 
then — 

V  =  7v(i  +  .003665/), 

and  conversely  the  volume  at  o**  equals  the  volume  at  /*  divided  by 
I  +  .003665  / — 

V 


Vo  = 


I   +  .0x33665  / 


The  vulgar  fraction  equivalent  10.003^:65  is  y}*,.  273  volumes 
at  o"  become  273  +  /  at  /^ 

What  is  known  as  the  absolute  temperature  of  a  substance  is  the 
number  of  degrees  above  -  273**  C.  Taking  this  point  as  the  zero, 
the  absolute  temperature  of  melting  ice,  for  example,  will  be  273*. 
Charles'  law,  therefore,  may  be  thus  stated  :  The  volume  of  any 
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gaSi  under  constant  pressure^  is  proportional  to  the  absolute  tem- 
perature. 

The  Relation  of  Oases  to  Pressure.— The  effect  of  increase 

of  pressure  upon  a  gas  is  to  diminish  its  volume.  The  law  which 
connects  the  volume  occupied  by  a  gas,  with  the  pressure  to  which  it 
is  subjected,  was  discovered  by  Robert  Boyle  (1661),  and  is  known 
as  Boyle's  I^w.  It  may  be  thus  stated  :  The  volume  occupied  by 
a  given  weight  of  any  gas  is  inversely  as  the  pressure.  The 
general  truth  of  this  law  may  readily  be  illustrated  by  subjecting  a 
gas  to  varying  pressures,  and  it  will  be  seen  that  when  the  pressure 
is  doubled  the  volume  of  gas  is  reduced  to  one- half,  and  so  on. 

Just  as  in  the  case  of  the  law  of  Charles,  modem  investigations 
have  shown  that  the  law  of  Boyle  is  not  a  mathematical  truth.  It 
is  found  not  to  be  absolutely  true  of  any  gas,  for,  with  the  exception 
of  hydrogen,  all  gases  are  more  compressible  than  is  demanded  by 
the  law.  Hydrogen  deviates  from  the  law  in  an  opposite  sense,  in 
that  it  requires  a  higher  pressure  than  the  law  would  indicate,  in 
order  to  reduce  a  volume  of  it  to  a  given  point.  These  deviations 
from  Boyle's  law  are  explained  by  the  operation  of  two  causes  ; 
first,  the  attraction  exerted  by  gaseous  particles  upon  each  other ; 
second,  the  fact  that  increased  pressure  diminishes  the  space 
between  the  molecules,  and  not  the  actual  space  occupied  by  the 
molecules  of  a  gas.  When  the  former  cause  predominates,  the 
gas  deviates  from  the  law  by  being  more  compressible  ;  in  the  case 
of  hydrogen  the  second  cause  operates  more  powerfully.  (See 
Kinetic  Theory  of  Gases.)  For  ordinary  purposes  of  calculation 
the  law  of  Boyle  may  be  regarded  as  true. 

As  the  volume  of  a  given  weight  of  gas  is  so  intimately  related 
to  the  pressure,  and  as  the  atmospheric  pressure  is  variable,  it 
becomes  necessary,  in  all  quantitative  manipulation  with  gases,  to 
know  the  actual  pressure  under  which  the  gas  is  at  the  time  of 
measurement,  and  to  refer  the  volume  to  a  standard  pressure. 
The  pressure  that  has  been  adopted  as  the  standard  is  that  of  a 
column  of  mercury  760  mm.  in  height.     (See  Atmosphere.) 

\iv  equals  the  volume  of  gas  measured  at  /  pressure,  and  Vo 
the  volume  at  the  standard  pressure,  then 

V  =^ 

Vo  ^    -7—. 

760 
In  practice  it  is  most  usual  to  make  both  correction  for  tempe- 
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rature  and  pressure  together ;  then  ■■ 
standard  temperature  and  pressure,  w< 


g  being  the  volume  a 


4 


°  1 +.003665/  ■  760  ■ 

The  UqueRlOtion  of  Oases.— Under  certain  conditions  of  tem- 
perature and  pressure,  the  law  of  Charles  and  the  law  of  Boyle  boih 
completely  break  down.  According  to 
the  law  of  Charles,  100  c.c.  of  a  gas  at 
0°  C.  should  occupy  96.4  c.c.  if  ihe  tem- 
perature were  loivered  to  -10°.  If  100 
c.c  of  the  gas  sulphur  dioxide  at  o"  C. 
be  confined  in  a  glass  tube  standing  in 
mercury,  and  the  gas  be  cooled  to  -  10° 
by  surrounding  the  lube  with  a  freeiing 
mixture,  it  will  be  found  that  the  volume 
of  gas,  instead  of  occupying  96.4  c.c, 
has  been  reduced  to  a  few  cubic  centi- 
metres only,  and  that  the  surface  of  the 
mercury  in  the  tulje  is  wet  owing  to  the 
presence  of  a  minute  layer  of  a  colourless 
liquid  upon  it.  In  this  case  the  taw  of 
Charles  has  broken  down,  and  the  sul- 
phur dioxide  has  passed  from  Ihe  gaseous 
to  the  liquid  state. 
>  Similarly,  according  lo  the  law  of 
— '="-  Boyle,  100  cc  of  a  gas  measured  at  the 

'  '*  standard  pressure  should  occupy  2;  c.c 

when  exposed  to  a  pressure  of  four  additional  atmospheres.  If 
100  c.c.  of  the  gas  sulphur  dioxide  be  enclosed  in  one  limb  of  a  long 
U-tube,  as  shown  in  Fig.  1,  the  other  limb  being  filled  with  air, 
and  the  two  gases  be  simultaneously  exposed  to  increased  pressure 
by  raising  the  mercury  reservoir,  it  will  be  seen  that  at  first  the 
(,'ases  in  both  lubes  are  compressed  equally.  As  the  pressure 
approaches  three  atmospheres,  however,  the  mercury  will  be  seen 

*  The  smdcn I  should  faniiiiirise 
changes  of  volume  sufTered  by  gasc 
by  working  out  a  number  of  examples  such  as  the  lollowins  : — 

I.  If  30  Hires  of  gas  are  cooled  from  35°  10  0°,  whal  [s  the  diminution 
volume,  (he  pressure  being  constant?    Ant.  3,51  litres. 

3.  If  a  litre  of  air  at  0°  weighs  1.393  gnmniB*  when  the  barometer  is 
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to  rise  much  more  rapidly  in  the  tube  containing  the  sulphur 
dioxide,  and  when  the  mercury  reservoir  has  been  raised  to  such  a 
height  that  the  gases  are  subjected  to  four  atmospheres,  the  sulphur 
dioxide  will  have  completely  broken  down,  and  will  be  entirely  con- 
verted into  a  few  drops  of  liquid,  which  appear  upon  the  surface  of 
the  mercury.  The  air  meantime,  in  the  other  limb,  will  be  found  to 
occupy  25  C.C,  as  that  gas  at  that  pressure  obeys  Boyle's  law  almost 
absolutely.  We  see,  therefore,  that  at  a  certain  temperature  and  at 
a  certain  pressure  the  gas  sulphur  dioxide  begins  rapidly  to  depart 
from  the  laws  of  Charles  and  Boyle,  and  ultimately  passes  into  the 
liquid  condition. 

All  known  gases,  when  exposed  to  certain  conditions  of  tem- 
perature and  pressure,  conditions  which  are  special  for  each 
different  gas,  will  pass  from  the  gaseous  to  the  liquid  state  ;  and 
as  the  point  at  which  liquefaction  takes  place  is  approached, 
the  departures  from  Boyle's  law  become  more  and  more  pro- 
nounced. 

The  first  substance,  recognised  as  being  under  ordinary  condi- 
tions a  true  gas,  that  was  transformed  into  the  liquid  condition 
was  chlorine,  which  was  liquefied  in  the  year  1806  by  Northmore. 
The  true  nature  of  this  liquid  was 
not  understood  until  Faraday  inves- 
tigated the  subject. 

In  his  earlier  experiments  Fara- 
day's method  consisted  in  sealing 
into  a  bent  glass  tube  (Fig.  2)  sub- . 
stances  which,  when  heated,  would 
yield  the  gas  ;  the  substances  being 
contained  in  one  limb  of  the  tube, 
and  the  empty  limb  being  immersed      •  V\v,.  2. 

in  ice.  The  pressure  exerted  by  the  gas  thus  generated  in  a  con- 
fined space  was  sufficient  to  cause  a  portion  of  it  to  condense  to 

760  mm.,  what  will  be  the  vi eight  of  a  litre  of  air  at  27*,  the  barometer 
standing  at  the  same  height?    Ans.  1.177  grammes. 

3.  What  will  be  the  weight  of  a  litre  of  air  at  42*  when  the  Ixirometer  stands 
at  735  ram.  ?    Ans.  1.084  grammes. 

4.  Air  at  a  temperature  of  15°  is  enclosed  in  a  vessel  and  heated  to  93*. 
Compare  the  pressure  of  the  enclosed  air  with  that  of  the  atmosphere.  Ans. 
As  61  :  48. 

5.  What  will  be  the  volume,  at  the  standard  temperature  and  pressure,  of 
500  cc.  of  hydrogen,  measured  at  ao**,  and  under  a  pressure  of  800  mm.  ? 
Ans.  .490  C.C. 
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the  liquid  state,  and  the  liquid  collected  in  the  cooled  limb, 
this  way  Fardday  liquefied  such  gases  as  chlorine,  sulphur  dioxide«  _ 
ammonia,  cyatiogen.  In  his  later  experiments  Faraday  compressed 
tbe  gas  by  means  of  a  small  cumpression  pump,  a 
time  applied  a  low  degree  of  cold,  and  by  so  doing  he  succeeded 
in  liquefying  carbon  dioxide,  hydrochloric  acid,  nitrous  oxide,  and 
other  gases.  There  were  a  number  of  gases,  however,  which  Fara- 
day found  it  impassible  to  liquefy,  such  as  hydrogen,  oxygen,  nitro- 
gen, marsh  gas,  nitric  oxide,  carbon  monoxide,  &c.  It  became  the 
custom  to  call  t\\c%^  permanent  gases,  and  this  term  was  applied  to 
them  until  the  year  1877.  i 

In  that  year  it  was  proved  by  Pictet,  and  independently  by  CaiI-9 
letet,  thai  under  sufficiently  strong  pressure^  and  a  sufficiently  lowA 
degree  of  cold,  the  so-calicd  permanent  gases  could  in  the  same-  ■ 
way  be  reduced  to  the  liquid  condition.     Piciet's  method  was  in 
principle  the  same  as  that  employed  by  Faraday,  the  difference 
being  that   with   the  machinery  at  his  disposal  he   was  able  to 
employ  enormously  increased   pressure  and  a  greater  degree  of 
cold.     For  the  liquefaction  of  oxygen,  a  quantity  of  potassium 
chlorate  was  heated  in  a  strong  wroughi-iron  retort,  to  which  was 
connected  a  long  horiiontal  copper  tube  of  great  strength  and  small 
bore.    At  the  extreme  end  of  this  tube  there  was  a  pressure  gauge 
capable  of  indicating  pressures  up  10  Boo  atmospheres,  and  a  stop- 
cock.   The  lube  was  cooled  by  being  contained  in  a  wider  lube, 
through  which  a  constant  stream  of  liquid  carbon  dioxide,  at  a  tem- 
perature of  —  120°  to  —  140°,  was  caused  to  flow. 

The  machinery  employed  to  maintain  this  flow  of  liquefied  car- 
bon dioxide  was  somewhat  elaborate,  consisting  of  condensing  and 
exhaust  pumps  for  liquefying  and  rapidly  evapoiating  sulphur 
dioxide,  and  similar  condensing  and  exhaust  pumps  for  liquefying 
and  rapidly  evaporating  carbon  dioxide  :  the  sulphur  dioxide  being 
merely  the  refrigerating  agent  used  to  assist  the  liquefectior 
the  carbon  dioxide.  This  machinery  was  driven  by  two  ei( 
horse -power  engines.  As  the  polassium  chlorate  was  hea 
and  oxygen  evolved,  the  internal  pressure  in  the  retort  ; 
copper  tube  rapidly  rose,  and  its  amount  was  indicated  by  i 
gauge. 

When  the  stop-cock  upon  the  end  of  the  lube  was  opened,  liqt^ 
oxygen  was  forcibly  driven  out  in  the  form  of  a  jet. 

In  the  method  employed  by  Cailletet,  the  pressure  to  which  tl 
gas  is  subjected  is  obtained  by  purely  mechanical  meana. 
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gas  to  be  liquefied  is  introduced  into  a  glass  tube  (Fig.  3),  the 
narrow  end  of  which  consists  of  a  strong  capillary  tube.  The  tube 
carries  a  metal  collar,  which  enables  it  to  be  secured  in  position 
in  the  strong  steel  bottle  (Fig.  4),  by  means  of  a*nut,  E'  (Fig.  5), 
which  screws  into  the  mouth.  The  bottle,  which  is  partially  filled 
with  mercury,  is  connected  by  means  of  a  flexible  copper  tube  of 
line  bore  with  a  small  hydraulic  pump,  by  means  of  which  water 
is  forced  into  the  steel  bottle.    The  water  so  driven  in  forces  the 


mercury  up  into  the  glass  lube  T,  and  thereby  compresses  the 
contained  gas.  In  this  way  a  pressure  of  several  hundred  atmos- 
pheres may  be  applied  to  the  gas.  In  his  earlier  experiments 
Cailteiet  depended  almost  entirely  for  the  refrigeration  he  required 
upon  the  fact,  that  when  ll  gas  is  allowed  suddenly  to  expand  it 
undergoes  a  great  reduction  in  temperature.  This  method  of 
cooling  may  be  termed  internal  refrigeration.  In  the  case  of 
oxygen,  the  gas  was  fint  subjected  to  a  pressure  of  300  to  40a 
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atmosplicrt's,  iiiid  was  Ihen  allowed  suddenly  to  expand  by  a 
release  or  the  pressure.  The  result  uf  the  sudden  expansion  n 
to  mooieniarily  lower  llie  temperature  of  the  gas  to  such  a 
that  the  tube  was  filled  with  a  fog,  or  mUt,  consisting  of  liqn 
particles  of  oxygen. 

This  principle,  namely,  Ihe  self-cooling  of  a  gas  by  i 
sudden  expansion,  has  recently  been  applied  for  Ihe  liquefaction 
of  oxygen  in  large  quantities.  When  cxygen  under  considerable 
pressure,  say  130  atmospheres,  is  allowed  to  escape  from  a  fine 
orifice  at  the  end  of  a  long  pipe,  the  issuing  gas  suddenly  expands, 
and  thereby  its  teniperalure  is  greatly  lowered.  If  this  stlf-cooled 
gas  is  made  to 
sweep  over  the  pipe 
from  which  it  is 
escaping,  it  will 
cool  the  pipe,  and 
therefore  lower  the 
lempeialure  of  the 
ng  gas  be- 


In 


tKfore    it   es^^_ 

being    coj^H 

brou^^H 

nnd    Inwdj^H 


this  wLiy  the  cooling 
effect  becomes  cu- 
mulative, the  initial 
temperature  of  the 
gas  before 
capes    bei 

lo»< 

until  al  last  the' 
pomt  is  reached  at 
which  the  oxygen 
li  liijuefied. 

If  the  oxygen 
first  ci 

-80°  by  means  4 
solid     carbon 
oxide,  then  in  aT&q 
minutts,  by  the  further  cooling  due  to  its  own  expinsion,  the  tec  ' 
peratute   will   fall   below   the   boiling-point   of  oxygen,   and 
liquefied  gas  be  obtained. 
The  apparatus  for  the  purpose  is  shown  in  Fig.  6.t     Oxyj 
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under  a  pressure  of  120  to  140  atmospheres  is  passed  through  a 
series  of  spirals  of  fine  copper  pipe  contained  in  the  chamber  C, 
which  is  encased  in  a  non-conducting  jacket  of  cork-dust.  The 
gas  enters  by  the  pipe  O  (seen  in  the  enlarged  section),  and  passes 
through  the  spiral  S  S,  which  is  immersed  in  a  mixture  of  alcohol 
and  solid  carbon  dioxide  (the  liquid  carbon  dioxide  from  the  reservoir 
being  admitted  into  the  alcohol  through  the  valve  W,  which  is  regu- 
lated by  the  screw  B).  The  oxygen  thus  cooled  passes  through  the 
double  spiral  pipe  D  D,  which  ultimately  extends  through  the 
bottom  of  the  chamber,  and  terminates  in  a  stirrup,  U,  the  short 
end  of  which  is  closed.  In  the  bend  of  this  stirrup  there  is  a  fine 
hole,  which  can  be  closed  or  opened  at  will  by  the  pointed  end 
of  the  rod  V,  connected  to  the  screw  A.  On  opening  this  valve, 
the  oxygen,  already  cooled  to  about  —  80*,  escapes  from  the  hole 
under  a  pressure  of  120  to  140  atmospheres.  It  instantly  expands, 
and  is  thereby  cooled  still  lower.  This  cold  gas  is  prevented  from 
escaping  at  once  into  the  atmosphere  by  the  glass  tube  G,  but  is 
compelled  to  rush  upwards  (as  shown  by  the  arrows),  and,  sweep- 
ing past  the  double  spiral  D  D,  cools  this  pipe,  and  therefore  the 
succeeding  portions  of  issuing  oxygen.  In  a  few  minutes  the  tem- 
perature of  this  pipe  is  thereby  brought  so  low,  that  the  further 
cooling  of  the  gas  by  its  expansion  causes  the  liquefaction  of  a 
portion  of  it,  and  a  fine  spray  of  liquid  is  seen  to  spurt  out  from 
the  hole.  This  spray  quickly  increases  in  quantity,  and  rapidly 
collects  as  a  clear  liquid  in  the  glass  tube  G.  This  tube  is  double- 
walled,  the  space  between  the. walls  being  perfectly  vacuous,  in 
such  a  vessel  the  liquid  oxygen  may  be  ke))t  for  a  considerable 
time,  evaporating  only  very  slowly  in  spite  of  its  extremely  low 
boiling-point,  as  it  has  been  found  that  such  a  vacuous  envelope 
forms  the  most  perfect  non-conductor. 

The  instruments  designed  by  Linde  in  Germany,  and  by  Hamp- 
son  in  England,  and  known  as  air-liquefiersy  are  constructed  on 
precisely  similar  principles.  In  this  case,  however,  the  preliminar)' 
cooling  by  means  of  solid  carbon  dioxide  is  dispensed  with  ;  for 
instead  of  a  limited  and  comparatively  small  supply  of  com- 
pressed gas  in  a  steel  cylinder,  an  unlimited  supply  of  air  is 
delivered  into  the  machine,  under  a  pressure  of  120  to  160 
atmospheres,  by  means  of  powerful  compression  pumps  driven 
by  an  engine. 

By  an  extension  of  the  same  principles  hydrogen  was  first  suc- 
cessfully liquefied  in  1898.     In  this  case,  however,  the  gas  requires 
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tobe  previously  cooled  to  about  -200°  before  expansion  is  allowed  to 
take  place.  By  utilising  the  low  temperatures  which  can  be  obtained 
by  means  of  boiling  liquefied  giises,  it  lias  now  become  jiossible 
to  liquefy  all  the  known  gases  by  cold  alone,  that  is,  witbout  the 
application  of  pressure;  in  other  words,  their  temperatures  can 
be  brought  down  Mow  their  boiling-points,  under  which  circum- 
stances they  must  obviously  assume  the  liquid  state.  For  example, 
liquefied  ethylene  boils  at  -  103.5° !  'Ii  therefore,  a  stream  of  nitrous 
oxide  is  pas-sed  through  3  tube  immersed  in  a  bath  of  liquid  ethy- 
lene, the  nitrous  oxide  will  be  cooled  below  its  boiling-point(- 89,8'), 
and  will  consequently  be  reduced  at  once  to  the  liquid  stale. 
p  Again,    liquid    oxygen    boils    at    — 181.5°. 

This  boiling   liquid   therefore   is   sufficiently 
cold  to  coo!   marsh   gas   below  its  boili) 
point,    namely,    — 164.7°,    and    therefore 
cause  its  liquefaction. 
^       Moreover,  by  the  rapid  evaporation  of  liql 
oxygen    the    temperature    may    readily 
lowered  to  the  point  at  which  air  will  liquefy 
Thus,  if  a  quantity  of  liquid  oxygen  in  the 
glass  lube  O  (Fig.  7),  which  is  provided  with 
a   vacuous   envelope,    \',  be  made 
rapidly  by  pulling  the  pipe   P  in  co 
wilb    an    exhaust  ■  pump,    the    tcmf)era[i 
quickly  fails   to   -200%  when   air  itself 
Climes  liquefied   without   the   application 
pressure  ;  and  drops  of  liquid  air   quid 
rolled  upon  the  walls  of  the  inner  empty  ti 
N,  which  is  freely  open  to  the  almospht 
In  this  way  considerable  quantities  of  liqi 
fied  air  can  be  collected  in  a  few 
By  means  of  boiling  liquid  hydrogen   the  low  temperature 
—  253°  has  been  reached,  at  which  temperature  all  other  km 
gases,  except  perhaps  helium,  are  frozen  to  the  solid  state, 
lowest  temperature  yet  obtained  by  the  rapid  evaporation  of  : 
hydrogen  is  -l6o°  (Dewar). 

The  Critical  Point.— As  far  back  as  the  year  1869,  it 
shown  by  Andrews  that  when  liquid  carbon  dioxide  was  he 
to  a  particular  temperature,  it  passed  from  the  liquid  to  the  gasi 
state,  and  that  no  additional  pressure  was  able  to  condense  it  again 
SO  long  as  the  temperature  remained  at  or  above  that  point.    This 
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• 

particular  temperature  is  called  the  critical  pointy  or  the  critical 
temperature  of  the  gas.  In  the  case  of  carbon  dioxide  this  critical 
temperature  is  31.35°,  and  in  order  that  this  gas  may  be  liquefied  by 
pressure,  it  is  an  essential  condition  that  the  temperature  be  below 
that  point  ;  above  32**  no  pressure  is  capable  of  bringing  about 
liquefaction.  All  gases  have  a  critical  temperature,  which  is  special 
for  each  gas,  and  until  the  temperature  of  the  gas  be  lowered  to 
that  point,  liquefaction  is  impossible.  The  critical  temperatures 
of  the  different  gases  vary  through  a  very  wide  range  :  thus, 
the  critical  temperature  of  hydrogen  is  as  low  as  -238',  while  that 
of  sulphur  dioxide  is  + 155.4^  In  the  third  column  of  the  table 
of  physical  constants  on  page  80  the  critical  temperatures  of  a 
number  of  the  more  common  gases  are  given.* 

The  gases  in  this  list,  from  ethylene  downwards,  all  have  their 
critical  temperatures  so  high  that  there  is  no  difficulty  in  cooling 
them  below  these  points.  These  are  the  gases  which  were  first 
reduced  to  the  liquid  state.  The  first  five  upon  the  list  have 
very  low  critical  temperatures  ;  these  are  the  very  gases  which  for 
so  long  resisted  all  attempts  to  liquefy  them,  and  which  were  on 
that  account  called  permanent  gases.  We  now  know  that  the 
failure  to  obtain  them  in  the  liquid  state  was  owing  to  the  fact 
that  the  relation  between  the  critical  temperature  and  the  point 
of  lique^eiction  was  not  fully  realised.  Just  as  carbon  dioxide 
cannot  be  liquefied  unless  its  temperature  be  brought  down  to 
3 1. 35*",  so  oxygen  resists  liquefaction  under  the  highest  possible 
pressures,  until  its  temperature  be  lowered  to  -  118.8^,  the  critical 
temperature  of  oxygen. 

The  critical  temperature  of  a  gas  is  sometimes  spoken  of  as  the 
absolute  boiling-point. 

Critical  Pressure. — The  particular  pressure  that  is  required 
to  liquefy  a  gas  at  its  critical  temperature  is  called  the  critical 
pressure.  Thus  the  pressure  necessary  to  liquefy  oxygen,  when 
the  temperature  has  been  lowered  to  -  118.8°,  is  58  atmospheres  ; 
while  that  required  to  condense  chlorine  at  its  critical  point,  viz., 
+  141',  is  84  atmospheres.  At  temperatures  below  the  critical 
temperatures  a  gas  liquefies  under  less  pressure  than  the  critical 

•  For  the  constants  for  the  gases  of  the  Argon  family  sec  page  271.  It  may 
be  well  to  remind  the  student  that  such  constants  as  are  here  tabulated 
are  obtained  from  measurements  involving  very  great  exjxTimental  difficulties, 
and  that  consequently  they  are  always  liable  to  revision.  The  values  here 
given  are  from  the  most  recent  deterniinations. 
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pressure,  until  when  the  temperature  is  lowered  to  the  boiling- 
point  of  the  gas  it  passes  into  the  liquid  state  without  the  applica- 
tion of  any  external  pressure.  The  following  table  contains  the 
most  recently  determined  physical  constants  of  a  number  of 
common  gases  : — 

Table  of  Physical  Constants, 


Boiling- 

Mel  line 

Crilial 

Criiicl 

D«m.y 

Point. 

PMm. 

T™p. 

PrCBBT.. 

"Mnt""" 

-»F- 

-=S7° 

^aso-  ~ 

15.3  Als. 

a.06 

Nilrosen  . 

-  '93-5" 

-"3° 

-.49° 

=75   ■. 

0.791 

-190° 

-«n' 

-.36- 

SS8   .. 

Mi^e  (mar^  gas| 

-  16+  7' 

-M3 

-1 18. 8° 
-   83° 

i'fj 

Eihylene  . 

-■03.^° 

-165- 

1-     9° 

S8.0   .. 

0.57" 

Nitrous  oxide    . 

-   998- 

-.™.7° 

+  37' 

Acetylene  . 

-    837° 

+  35* 

61    !! 

Carbon  dioxide 

■■    So- 

+  3t.3S= 

7=3   -. 

-   38.5° 

-   755° 

+  <3'° 

113     -- 

Chlorine   . 

+  .41° 

84   ,. 

1-5^7 

Sulphur  dioxide 

-    w' 

+  ■55-4° 

78.9 .. 

... 

From  the  figures  given  in  this  table  it  will  be  seen  thAt  the 
critical  pressure  (which  is  the  pressure  required  to  liquefy  a  gas  al 
the  highest  Umperaiure  at  which  pressure  can  possibly  cause  ligue- 
faction)\i  in  most  cases  comparatively  small.  In  only  one  instance, 
namely,  ammonia,  is  it  over  100  atmospheres,  and  falling  in  the 
case  of  hydrogen  as  low  as  15.3  atmospheres.  The  enormous 
pressures,  therefore,  amounting  often  to  many  hundred  atmospheres, 
which  some  of  the  earlier  experimenters  employed  in  attempting  to 
effect  the  liquefaction  of  the  so-called  permanent  gases,  are  thus 
seen  to  have  been  efforts  in  an  entirely  wrong  direction.  It  was  not 
greater  pressure  that  was  required,  but  the  means  of  cooling  the 
gases  to  a  sufficiently  low  temperature. 

In  ordinary  language  such  a  gas  as  chlorine  is  spoken  of  as  an 
easily  liquefied  gas,  vliile  oxygen  would  be  described  as  a  difficultly 
liquefied  gas.  Strictly  speaking,  however,  and  considering  them 
from  a  comparable  standpoint,  it  would  perhaps  be  more  correct 
to  regard  them  in  exactly  Ihe  opposite  light.  Thus,  taken  at  their 
respective  critical  temperatures,  oxygen  is  liquefied  by  a  pressure 
of  58  atmospheres  ;  while  at  the  critical  temperature  of  chlorine  this 
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gas  requires  a  pressure  of  84  atmospheres  to  reduce  it  to  the  liquid 
state.  At  0°  it  is  true  chlorine  may  be  liquefied  by  a  pressure  of 
only  6  atmospheres,  but  it  must  be  remembered  that  o*  is  141 
degrees  below  the  critical  temperature  of  this  gas.  Long  before 
oxygen  has  been  cooled  141  degrees  below  its  critical  temperature, 
which  would  be  down  to  —254°,  it  not  only  passes  into  the  liquid 
state  without  the  application  of  any  external  pressure  at  all,  but  is 
frozen  to  the  solid  state. 

Diffusion  of  Oases.— If  a  jar  filled  with  hydrogen  be  placed 
mouth  to  mouth  with  a  jar  of  air,  the  hydrogen  being  uppermost, 
it  will  be  found  that  after  the  lapse  of  a  few  minutes  some  of  the 
hydrogen  will  have  passed  into  the  bottom  Jar  containing  air,  and 
some  of  the  air  will  have  made  its  way  up  into  the  hydrogen  jar. 
The  light  gas  hydrogen  does  not,  as  might  have  been  supposed, 
remain  floating  upon  the  air,  which  is  14.44  times  as  heavy,  but 
gradually  escapes  into  the  lower  jar  ;  and  the  heavier  gas  finds  its 
way,  in  opposition  to  gravitation,  into  the  upper  jar.  This  process 
goes  on  until  there  is  a  uniform  mixture  of  air  and  hydrogen  in  both 
jars,  and  the  gases  never  separate  again  according  to  their 
densities. 

This  transmigration  of  gases  will  take  place  even  through  tubes 
of  considerable  length  :  thus,  if  two  soda-water  bottles  be  filled  one 
with  hydrogen  and  the  other  with  oxygen,  and  the  two  bottles  be 
connected  by  a  piece  of  glass  tube  a  metre  in  length,  the  system 
being  held  in  a  vertical  position  with  the  light  hydrogen  upper- 
most, it  will  be  found  after  an  hour  or  two  that  the  two  gases 
have  become  mixed.  Some  of  the  hydrogen  will  have  descended 
through  the  long  tube  into  the  lower  bottle,  and  in  like  manner 
a  portion  of  the  oxygen,  although  nearly  sixteen  times  as  heavy 
as  hydrogen,  will  have  travelled  up  into  the  top  bottle.  That  the 
gases  have  so  mixed  may  be  readily  shown  by  applying  a  lighted 
taper  to  the  mouth  of  each  bottle,  the  detonation  which  then  takes 
place  proving  that  the  bottles  contain  a  mixture  of  oxygen  and 
hydrogen.  This  passage  of  one  gas  into  another  is  called  the 
diffusion  of  gases.  It  was  observed  by  Graham  that  when  the 
two  gases  were  separated  from  each  other  by  a  thin  porous 
septum,  such,  for  instance,  as  a  piece  of  unglazed  porcelain  (so- 
called  **  biscuit "),  or  plaster  of  Paris,  the  pressure  of  the  gas  on 
the  two  sides  of  the  porous  partition  did  not  remain  the  same 
during  the  process  of  diffusion  :  that  is  to  say,  one  gas  made  its 
way  tJbrough  the  partition  faster  than  the  other,  and  it  was  noticed 
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ihat  the  lighter  llie  g»s  ihe  moic  rapidly  was  it  able  to  transpii 
or  diffuse  through  the  porous  medium.  This  fact,  vit,  that  a  li( 
gas  dilTuses  more  rapidly  ihiin  a  heavier  one,  may  be  observed 
in  a  variety  of  ways.*  The  apparalus  seen  in  Fig,  8  is  a  modified 
form  of  Graham's  difTusiometer.  It  consists  of  a  long  glass  tube 
w'ilh  an  enlaigemem  or  bulb  near  to  one  end.  Into  the  short  neck 
of  this  bulb  there  is  fastened  .1  thin  diaphragm  of  stucco,  or  other 
porous  material.  If  the  apparatus  be  filled  with  hydrogen  by  dis- 
placement, the  shun  neck  being  closed  by  a  cork,  and  the  long 
limb  be  immersed  in  water,  it  will  be  seen,  upon  the  withdrawaJ 
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of  Ihe  cork,  that  the  water  rapidly  rises  in  the  long  tube.  The 
hydrogen  ditTusing  out  through  the  diaphragm  so  much  more 
rapidly  than  air  can  make  its  way  in,  a  diminmion  in  pressure 
within  the  apparatus  results,  and  this  causes  the  water  to  ascend 
in  ihe  tube.  The  same  phenomenon  may  be  seen  even  more 
strikingly  by  means  of  the  apparatus,  Fig.  9,  which  consists  of  a 
tall  glass  U-tube.  upon  the  end  of  one  limb  of  which  there  is 
fastened,  by  means  of  a  cork,  a  porous  cylindrical  pot,  such  as 
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is  used  in  an  ordinary  Bunsen  battery.  The  U-tube  is  half 
filled  with  coloured  water.  Under  ordinary  circumstances  air  is 
continually  diffusing  through  the  porous  pot,  but  as  it  passes  at 
an  equal  rate  in  both  directions,  there  is  no  disturbance  of  the 
pressure,  and  consequently  the  coloured  water  remains  level  in 
the  two  limbs.  If  now  a  beaker  containing  hydrogen  be  brought 
over  the  apparatus,  as  seen  in  the  figure,  the  hydrogen  will  stream 
through  the  porous  pot  so  much  more  rapidly  than  the  air  in  the 
pot  can  make  its  way  out,  that  there  will  be  an  increase  in  the 
total  amount  of  gas  inside  the  apparatus,  which  will  be  instantly 
rendered  evident  by  the  change  of  level  of  the  liquid  in  the  U-tube, 
the  water  being  forcibly  driven  down  the  tube  which  carries  the 
porous  pot.  Upon  removing  the  beaker  the  reverse  operation 
will  at  once  take  place ;  the  hydrogen  inside  the  apparatus  now 
rapidly  diffuses  out,  and  much  more  quickly  than  air  can  pass  in, 
consequently  a  reduction  of  pressure  within  the  apparatus  results, 
which  is  indicated  by  a  disturbance  of  the  level  of  the  water 
in  the  tube,  in  the  opposite  direction  to  that  which  occurred  at 
first 

The  Law  of  Gaseous  DifTtlsiOIL— Graham  established  the  law 
according  to  which  the  diffusion  of  gases  is  regulated,  and  it  may 
be  thus  stated :  The  relative  velocities  of  diffusion  of  any  two 
gases  are  inversely  as  the  square  roots  of  their  densities. 

The  density  of  hydrogen  being  i,  that  of  air  is  14.44,  the  velocity 
of  the  diffusion  of  hydrogen,  therefore,  as  compared  with  that  of 
air,  will  be  in  the  ratio  of  V  14.44  to  Ji.  ^'4-44  =  3-8,  v'l  =  i. 
Therefore  hydrogen  diffuses  3.8  times  faster  than  air  ;  or  3.8  volumes 
of  hydrogen  will  pass  out  through  a  porous  septum,  while  only  i 
volume  of  air  can  enter. 

\i  d—  the  density  of  a  gas,  air  being  unity,  and  v  =  the  volume 
of  the  gas  which  diffuses  in  the  same  time  as  i  volume  of  air,  then 
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The  following  table  gives  in  the  last  column  the  results  obtained 
by  Graham,  which  will  be  seen  to  accord  very  closely  with  the  cal- 
culated numbers  demanded  by  the  law  of  diffusion  : — 
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Name  of  Gas. 


Hydrogen 

Marsh  gas 

Carbon  monoxide     . 

Nitrogen  . 

Oxygen 

Sulphuretted  hydrogen 

Carbon  dioxide 

Sulphur  dioxide 


Vohime  of  Gas 

Density  of  Gas 

^\ 

which  Diflfused  in 

compared  with 
Kyx=d, 

the  same  Time  a.s 
one  Volume  of 

.\ir. 

0.06926 

3-7794 

3-83 

0-S59 
0.9678 

1-3375 

1-344 

1. 0165 

1.0149 

«>.97i3 

1.0147 

1.0143 

1. 1056 

a  95 10 

0.9487 

X.1912 

0.9162 

0-9S 

1.5290 

a  8087 

0.812 

2.247 

0.6671 

0.68 

The  property  of  diffusion  is  sometimes  made  use  of  in  order  to 
separate  gases,  having  different  densities,  from  gaseous  mixtures. 
This  process  of  separation  by  diffusion  is  known  as  atmolysis. 
The  principle  may  readily  be  illustrated  by  causing  a  mixture  of 

oxygen  and  hydrogen,  in 
proportion  to  form  an  ex- 
plosive mixture,  to  slowly 
traverse  tubes  made  of 
porous  material,  such  as 
ordinary  tobacco  pipes. 
Two  such  pipes  may  be 
arranged  as  shown  in  Fig. 
10,  and  the  gaseous  mix- 
ture passed  through  in  the 
direction  indicated  by  the 
arrow.  On  collecting  the 
issuing  gas  over  water  in  a 
pneumatic  trough,  it  will 
be  found  to  have  so  far 
lost  the  hydrogen,  by  dif- 
fusion through  the  tube, 
that  a  glowing  splint  of 
wood  when  introduced  into  it  will  be  reignited. 

From  the  rate  of  diffusion  of  ozone,  in  a  mixture  of  ozone  and 
oxygen,  Soret  was  able  to  calculate  the  density  of  this  allotropic 
form  of  oxygen,  and  so  confirm  the  result  he  had  previously  ob- 
tained by  other  methods  (see  Ozone). 

Attempts  have  been  made  to  utilise  this  principle  in  order  to 
obtain  oxygen  from  the  air.    The  relative  densities  of  oxygen  and 
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nitrogen  arc  as  16  to  14  ;  the  rate  of  diffusion,  therefore,  of  nitrogen 
is  slightly  greater  than  that  of  oxygen. 

Effusion  is  the  term  applied  by  Graham  to  the  passage  of  gases 
through  a  fine  opening  in  a  very  thin  wall,  and  he  found  that  it 
followed  the  same  law  as  diffusion.  Bunsen  utilised  this  principle 
for  determining  the  density,  and  therefore  the  molecular  weights, 
of  certain  gases.  The  method,  in  essence,  is  as  follows  : — A 
straight  glass  eudiometer  is  so  constructed,  that  a  gas  contained 
in  it  can  be  put  into  communication  with  the  outer  air  through  a 
minute  pin-hole  in  a  thin  platinum  plate.  The  gas  is  confined  in 
the  tube,  which  is  placed  in  a  cylindrical  mercury  trough,  by 
means  of  a  stop-cock  at  the  top.  When  the  tube  is  depressed 
in  the  mercury,  and  the  cock  opened,  the  gas  escapes  through 
the  minute  perforation  in  the  platinum  plate,  and  its  rate  of  effu- 
sion is  determined  by  the  time  occupied  by  a  glass  float  placed 
in  the  tube  in  rising  a  graduated  distance  within  the  eudiometer. 

The  flow  of  gases  through  capillary  tubes  is  called  transpiration 
of  gases.  In  this  case  the  friction  between  the  gas  and  the  tubes 
becomes  a  factor  in  the  movement,  so  that  this  phenomenon  is 
not  governed  by  the  same  law  as  gaseous  diffusion. 

The  Kinetic  Theory  of  Gases.— The  term  kinetic  signifies 
motion,  and  as  applied  to  this  theory  it  expresses  the  modem 
views  of  physicists  concerning  matter  in  the  gaseous  state,  and 
serves  to  harmonise  and  explain  the  physical  laws  relating  to 
the  properties  of  gases.  Matter  in  the  state  of  gas  or  vapour 
is  regarded  as  an  aggregation  of  molecules  in  which  the  attractive 
forces  which  tend  to  hold  them  together  are  reduced  to  a  minimum, 
and  in  which  the  spaces  that  separate  them  are  at  a  maximum. 
These  molecules  are  in  a  state  of  rapid  motion,  each  one  moving 
in  a  straight  line  until  it  strikes  some  other  molecule,  or  rebounds 
from  the  walls  of  the  containing  vessel,  when  it  continues  its  move- 
ment in  another  direction  until  it  is  once  more  diverted  by  another 
encounter.  As  they  constantly  encounter  and  rebound  from  each 
other,  it  will  be  evident  that  at  any  given  instant  some  will  be 
moving  with  a  greater  speed  than  others  ;  the  majority,  however, 
will  have  an  average  velocity.  In  these  encounters  no  loss  of 
energy  results  so  long  as  the  temperature  remains  constant,  but 
any  change  of  temperature  results  in  a  change  in  the  velocity  of 
movement  of  the  molecules,  the  speed  being  increased  with 
increased  heat.  The  actual  volume  of  the  molecules  is  very  small 
as  compared  with  the  space  occupied  by  the  mass  ;  the  space 
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between  die  molecules,  therefore,  in  which  iliey  pass 

is  relatively  very  great.    As  the  molecules  are  consiaiitly  collidinj 

and  rebounding,  the  distances  between  ihem,  as  well  as  their  speed, 

will  be  Bomeiimes  greater  and  sometimes  less  ;  bui  there  will  bi 

an  average  distance,  which  is  known  as  the  nuan  free  p.ith  of  iln. 

molecule. 

The  pressure  exerted  by  a  gas,  or  its  clastic  force,  is  the  combined 
effect  of  the  bombardment  of  its  molecules  against  the  containing 
vessel  ;  in  other  words,  the  pressure  of  a  gas  is  proportional  to  the 
sum  of  the  products  obtained  by  multiplying  the  mass  of  each 
molecule  by  half  the  square  of  its  velocity.  It  will  be  obvious 
that  if  the  space  within  which  a  given  mass  of  gas  is  confined  be 
reduced,  the  number  of  impacts  of  Ihe  molecules  against  the  walls 
of  the  containing  vessel,  in  a  given  lime,  will  be  increased,  ami 
therefore  the  pressure  it  exerts,  or  its  elastic  force,  will  also  be 
increased.  If  the  space  be  reduced  to  one-half  the  original,  the 
number  of  these  impacts  will  be  doubled,  or  in  other  words,  the 
number  of  impacts  in  a  given  time  is  inversely  as  the  volume. 
This  statement  is  simply  the  law  of  Boyle  stated  in  the  language 
of  the  kinetic  theory. 

When  a  given  mass  of  gas  contained  in  a  confined  space  is 
he.ited.  the  pressure  it  exerts,  or  its  elastic  force,  is  increased.  But 
as  the  number  of  molecules  present  has  not  been  increased  by 
raising  the  temperature  of  the  gas  {provided  no  chemical  decom- 
position of  the  gas  is  brought  about  by  the  change  of  temperature), 
the  increased  pressure  can  only  have  resulted  from  the  greater 
frequency,  and  greater  energy,  of  the  impacts  of  the  molecules 
against  the  walls  of  the  vessel,  owing  to  their  greater  velocity. 

Two  equal  volumes  of  different  gases  under  the  same  conditions 
of  temperature  and  pressure,  exert  the  same  elastic  force  upon  the 
containing  vessels,  that  is  to  say,  the  kinetic  energy  in  each  volume 
is  the  same.  According  to  Avogadro's  hypothesis,  equal  vol; 
of  alt  gases  under  the  same  conditions  of  temperature  and  pi'cssi 
contain  an  equal  number  of  molecules,  however  much  the 
of  these  molecules  may  vary  ;  therefore  the  average  kinetic  energy"' 
of  cHch  individual  molecule  will  be  the  same.  It  follows  from  this 
that  the  mean  velocities  of  different  molecules  must  vary,  and  the 
calculated  numbers  representing  the  actual  velocities  oV 
of  the  moleadcs  of  different  gases  show  that  these  rates 
poriional  lo  the  inverse  square  roots  of  their  respective  densilii 
Bui  according  to  the  law  of  gaseous  diffusion  (Graham's  law), 
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relative  rapidity  of  diffusion  of  gases  is  inversely  proportional  to 
the  square  roots  of  their  densities,  hence  by  purely  mathematical 
processes,  based  upon  the  kinetic  theory  of  gases,  the  law  of 
gaseous  diffusion  is  proved  to  be  true.  Similarly,  the  kinetic  theory 
is  applicable  to  the  consideration  of  the  phenomena  of  evaporation 
and  condensation  (see  page  126),  and  to  the  processes  of  solution 
(page  148). 

The  deviations  from  the  laws  of  Boyle  and  Charles,  already 
referred  to,*  are  also  explained  by  the  dynamical  theory  of  gases, 
from  considerations  of  the  following  order  : — 

1.  That  the  molecules  themselves  are  not  mathematical  points, 
but  occupy  a  space  ;  in  other  words,  the  space  occupied  by  the 
actual  particles  of  matter  is  not  infinitely  small  as  compared  with 
the  entire  volume  of  the  gas,  i.e,  the  bulk  of  the  particle  plus  the 
intermolecular  spaces. 

While  the  pressure  upon  a  gas  is  only  slight,  and  therefore  the 
total  volume  occupied  by  a  given  mass  of  the  gas  is  great,  the  bulk 
of  the  actual  particles  themselves  becomes  a  vanishing  quantity  in 
comparison  with  the  total  volume  (/>.  the  space  occupied  by 
particles,  plus  the  intermolecular  spaces),  and  the  gas  under  these 
circumstances  tends  to  approach  more  nearly  to  the  conditions  of 
an  ideal  gas.  But  when  the  pressure  is  increased,  and  the  total 
volume  thereby  greatly  reduced,  then  the  bulk  of  the  particles 
themselves  begins  to  bear  an  appreciable  proportion  to  the  total 
volume  occupied  by  the  gas. 

2.  That  the  impact  of  the  molecules  against  each  other  and 
against  the  containing  envelope  occupies  time  ;  or,  in  other  words, 
the  time  occupied  by  the  impacts  is  not  infinitely  small  compared 
with  the  time  elapsing  between  the  impacts. 

3.  That  the  molecules  themselves  are  not  entirely  without  attrac- 
tion for  each  other  ;  that  is  to  say,  although  the  attractive  force 
between  the  molecules  which  holds  them  together  in  the  liquid 
and  solid  states  of  matter  is  at  a  minimum  in  the  case  of  gases,  it 
is  not  entirely  absent. 

*  See  page  71. 


CHAPTER   X 

DISSOCIATION— REVERSIBLE   OR  BALANCED 
ACTIONS 

Dissociation  is  the  term  employed  to  denote  a  special  class  of 
chemical  decompositions.  When  potassium  chlorate  is  heated  it 
breaks  up  into  potassium  chloride  and  oxygen,  thus — 

aKClOj  =  2KC1  +  30„ 
and  when  calcium  carbonate  (chalk)  is  heated  it  breaks  up  into 
calcium  oxide  (lime)  and  carbon  dioxide— 

CaCOj  =  CaO  +  COj. 
In   the  first  case  the  oxygen  is  incapable  of  reuniting  with  the 
potassium   chloride,   but   in  the  second,   the  carbon   dioxide   can 
recombine  with  the  lime  and  reproduce  calcium  carbonate  :  there- 
fore both  the  following  expressions  are  possible— 

CaCOj  =.  CaO  +  COj, 

CaO  +  COj  =  CaCOj. 
Reactions  of  this  order  are  i^nown  us  reversiiU  or  balanced  actions, 
and  the  l>reaking  up  of  calcium  carbonate  by  the  action  of  heat  is 
termed   dissociation,  ivhile  that  of  the  potassium  chloride  under 
similar  circumstances  is  simple  decomposition. 

When  ammonia  is  passed  through  a  tube  heated  to  a  dull  red 
heat,  (he  gas  is  dicomposed  into  nitrogen  and  hydrogen — 

2NH3  =  N, -t-iiHj, 
and  the  two  gases  pass  out  of  the  heated  tube  as  separated  gases, 
and  do  not  recombine  again.* 

But  when  steam  is  strongly  heated  it  is  dissociate ti\vAQ  oxygen 

*  Nitrogen  and  hydrogen  can  be  caused  to  unite  under  suitable  cundilicns 
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and  hydrogen,  and  as  these  separated  gases  pass  away  from  the 
heated  region  they  reunite,  forming  molecules  of  water  vapour. 
Such  a  reversible  reaction  may  be  thus  expressed — 

2HjO  ;t  2Hj  +  O^ 

Again,  when  the  gases  ammonia  and  hydrochloric  acid  are  brought 
together  at  the  ordinary  temperature,  they  unite  to  form  solid 
ammonium  chlonde,  and  when  ammonium  chloride  is  heated  it 
dissociates  into  its  two  generators,*  hence  we  have  the  expression — 

NHa-f  HCi;::  NH4CI. 

The  corresponding  compound  containing  phosphorus  in  the  place 
of  nitrogen  dissociates  at  a  temperature  as  low  as  -20"*,  hence 
when  phosphoretted  hydrogen  and  hydrochloric  acid  are  mixed 
at  ordinary  temperatures  no  combination  takes  place,  the  separate 
molecules  are  in  the  same  relation  to  one  another  as  those  of 
ammonia  and  hydrochloric  acid  at  a  high  temperature.  When, 
however,  the  mixture  of  gases  is  cooled  below  -  20*,  union  takes 
place  and  crystals  of  phosphonium  chloride  are  -formed,  which  at 
once  begin  to  dissociate  into  the  original  gases  as  the  temperature 
again  rises.  The  change,  as  before,  may  be  represented  as  a 
reversible  one — 

PH3  +  HCl  ::t  PH4CI. 

In  such  pises  of  dissociation  as  that  of  calcium  carbonate,  where 
one  of  the  products  is  gaseous  and  the  other  solid,  no  difficulty 
exists  in  separating  the  simpler  compounds  that  result  from  the 
decomposition  ;  but  where  the  products  are  entirely  gaseous,  special 
methods  have  to  be  adopted  to  withdraw  the  one  from  the  other, 
while  they  still  exist  as  separate  molecules,  afid  before  they  reunite 
again.  One  such  method,  which  is  well  adapted  for  the  quali- 
tative illustration  of  dissociation,  is  based  on  the  law  of  gaseous 
diffusion.  If  when  anmionium  chloride  is  heated  it  is  dissociated 
into  ammonia,  NH3,  and  hydrochloric  acid,  HCl,  these  two  gases, 
having  the  relative  densities  of  8.5  and  18.25,  will  diffuse  through 
a  porous  medium  at  very  different  rates.  According  to  the  law  of 
diffusion,  these  rates  will  be  inversely  as  the  square  roots  of  the 
densities  of  the  gases  ;  if,  therefore,  the  conditions  are  so  arranged 

•  Baker  has  shown  (May  1894)  that  when  absolutely  dry,  these  gases  do  not 
combine  ;  and  also,  that  when  aqueous  vapour  is  entirely  absent,  ammonium 
chloride  does  not  undergo  this  dissociation. 
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that  the  he.-ilJng  al  ihe  ammonium  chloride  takes  plac 

neighbourliood  of  a  porous  diaphragm,  more  of  the  li 

gas  will  diffuse  through  in  a  given  time  than  of  Ihc  heavier  h)'dro- 

chloric  acid,  so  ihat  a  partial  separation   of  ihese  gases  will  btta 

effected.     Fig.  1 1  shows  a  convenient  arrangement  for  carryin 

the  experiment.    A  fragmeni  of  ammonium  chloride  is  heated  it 

short  glass  tube  ihrough  which  passes  the  stem  of  an  ordinary  clay 

tobacco  pipe.     As  the  dissociation  takes  place,  both  of  the  gaseous 

products  begin  to  diffuse  into  the  interior  of  ilie  parous  clay  pipie, 

but  owing  to  thtir  greater  rate  of  diffusion,  a  larger  number  of  a) 

monia  molecules  will  pass  in,  than  of  hydrochloric  a' 

time ;  consequently,  when  the  gases  pass  away  from  the  heate 

region  and  once  more  recombine,  there  will  be  a  surplus  of  am-^ 

monia  molecules  within  the  porous  pipe,  and  for  the  s 

an  excess  of  hydrochloric  acid  molecules  outside.     If  the  gaseous 

contents  of  the  porous  tube  be  driven  out  by  means  of  a  streajn  of 


lipe, 

^ate^^H 
acH^ 


air  from  an  ordinary  bellows,  ihe  presence  of  the  free  ammonia  may j 
be  recognised  by  allowing  the  uir  to  impinge  upon  a  piece  of  papcrj 
coloured  yellow  with"turmeric,  which  is  instantly  lumed  browi 
ammonia.    The  excess  of  hydrochloric  acid  within  the  glass  i 
may  also  be  proved  by  placing  a  piece  of  blue  htmus  paper  in 
lube  before  heating  the  compound,  and  it  wit!  be  red<Icned  by  tl 
free  hydrochloric  acid.  __ 

In  all  cases  of  dissociation  we  may  imagine  two  opposing  forces"^ 
in  operation,  one  being   the  external  force  supplying  the  energy 
which  tends  to  bring  about  the  disruption  of  the  molecules,  and 
the  other  being  the  force  of  the  chemical  affinity  existing  between 
le  disunited  portions  of  the  molecule,  which  tends  to  bring  about  , 
eunion.    When  these  forces  are  equally  balanced,  the 
:r  of  molecules  are  dissociated  as  arc  recombined  in  a  giv« 
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unit  of  time,  and  the  system  is  said  to  be  in  a  state  of  equilibrium. 
If  by  any  means  the  balance  between  the  two  opposing  forces  is 
disturbed,  by  augmenting  or  lessening  either  one  or  the  other  of 
thenfi,  the  equilibrium  of  the  system  will  also  be  disturbed  and  a 
new  condition  of  equilibrium  will  be  set  up,  in  which  again  an  equal 
nimiber  of  molecules  undergo  dissociation  and  combination  in  a 
given  time,  but  in  which  the  ratio  of  the  number  of  united  and  dis- 
united molecules  is  different  from  that  which  obtained  under  the 
former  condition  of  equilibrium.  The  relation  between  these  two 
forces  may  be  most  readily  disturbed,  by  either  a  change  of  tempe- 
rature or  pressure.  Thus,  in  the  case  of  nitrogen  peroxide,  N2O4, 
when  this  gas  is  at  a  temperature  of  26.7",  20  per  cent,  of  it  is 
dissociated  into  molecules  having  the  composition  NO2 ;  and  so 
long  as  this  temperature  is  maintained  this  ratio  of  the  weight  of 
the  dissociated  molecules  to  the  total  weight  of  the  system  (known 
as  the  fraction  of  dissociation)  still  subsists. 

When  the  temperature  of  the  gas  is  raised  to  60.2**,  the  state  of 
equilibrium  existing  at  the  lower  temperature  is  disturbed,  and  the 
system  gradually  assumes  a  new  condition  of  equilibrium,  where 
once  more  the  actual  number  of  molecules  undergoing  dissociation 
and  recombination  in  a  given  unit  of  time  is  the  same,  but  where 
the  percentage  of  dissociated  molecules  in  the  gaseous  mixture  is 
now  52.04. 

It  might  at  first  be  supposed  that  when  such  a  gas  is  heated,  and 
a  temperature  is  reached  at  which  the  molecules  are  dissociated, 
that  they  would  a// dissociate,  and  that  the  process  once  begun  would 
nipidly  proceed  until  the  decomposition  was  complete  ;  instead  of 
which,  we  find  a  definite  fraction  of  dissociation  corresponding  to  a 
particular  temperature.  This  may  be  explained  on  the  basis  of  the 
kinetic  molecular  theory.  Let  us  imagine  the  gas  nitrogen  per- 
oxide to  be  at  a  temperature  below  that  at  which  dissociation 
begins,  when  all  the  molecules  will  have  the  composition  N2O4. 
The  molecules  of  the  gas  are  in  a  state  of  rapid  movement,  and  the 
rapidity  of  their  movement  is  increased  by  rise  of  temperature. 
But  the  molecules  in  a  given  volume  of  the  gas  do  not  all  move 
at  the  same  velocity,  and  therefore  they  have  not  all  the  same 
temperature.  On  account  of  the  infinite  complications  in  their 
movements,  caused  by  their  impacts  against  one  another,  some  will 
be  moving  at  a  speed  considerably  greater  than  that  of  the  average, 
and  will  have  a  temperature  proportionally  higher,  while  others 
again  will  have  a  velocity  and  a  temperature  below  the  average. 
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The  observed  lemperature  of  the  gas,  Iherelbre,  is  i 
molecules  having  the  highest  or  ihe  lowest  velocily  and  I 
ture,  but  is  the  average  or  mean  temperature  between,  possibly,  i 
very  wide  range. 

On  the  application  of  heal  to  the  ^as,  the  observed  or  mean 
temperature  rises,  but  the  velocity  of  some  of  the  molecules,  and 
consequently  their  temperature,  may  have  been  thereby  raised  to 
the  point  at  which  dissociation  takes  place,  and  ihey  consequently 
separate  into  the  simpler  molecules.  Let  us  suppose  that  the 
observed  temperature  of  the  nitrogen  peroxide  is  26,7°,  and  that  it 
is  maintained  at  this  point.  Although  this  tempierature  may  be 
below  the  dissociation  temperature  of  the  molecules,  it  must  be 
remembered  that  it  only  represents  the  mion  temperature,  and  that 
while  some  of  the  molecules  have  a  lower,  some  also  have  a  higher 
temperature.  As  already  mentioned,  at  the  tempeeature  of  26.7  . 
20  per  cent,  of  the  molecules  are  dissociated ;  that  is  10  say,  ai 
any  given  instant  one-fifth  of  the  total  number  of  molecules  reach 
a  velocity  which  causes  them  lo  break  down  into  the  simpler  NO, 
molecules,  which  themselves  tlien  take  up  independent  movements. 
If,  in  the  process  of  their  movements,  two  of  these  disunited  mole- 
cules come  into  contact  with  each  other  al  a  moment  when  their 
velocities  are  lower  than  tliat  at  which  they  dissociated,  they  at 
once  reunite,  so  that  at  the  same  instant  some  arc  uniting  and 
others  iirc  dissociating,  and,  the  two  processes  going  on  equally. 
the  pertentaBe  of  disunited  molecules  at  any  moment  is  the  samt, 
although  the  actual  molecules  which  arc  dissociated  at  one  point 
ai  time  may  not  be  the  identical  ones  that  are  in  this  state  at 
another  time.  Let  us  now  suppose  the  gas  to  be  heated  until  the 
registered  [f.e.  the  mean)  lemperature  reaches  60.2*,  and  that  it  be 
maintained  at  this  point.  At  this  higher  temperature  a  much 
larger  proportion  of  the  molecules  will  acquire  a  velocity  at  which 
they  are  unable  to  hold  together,  namely,  5^.04  per  cent.;  but  the 
remainder,  amounting  lo  nearly  one-half,  are  still  at  a  temperature 
below  that  at  which  dissociation  takes  place.  Under  these  altered 
conditions  a  greater  number  of  disunions  and  reunions  lakes  place 
during  a  given  interval  of  time,  but  the  numbers  are  equal,  and 
therefore  the  equilibrium  exists.  If  once  more  the  gas  be  further 
heated,  until  the  indicated  lemperature  is  140",  then  it  is  foimd 
t  the  whole  of  the  NjO,  molecules  have  dissociated  into  NO,  < 
~  ni  is  to  say,  when  tlie  mean  temperature  has  reachedl 
Vthen  even  those  molecules  that  are  moving  with  the  slowi 
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speed  have  reached  the  temperature  of  dissociation.  It  will  be 
evident  that  the  rate  at  which  the  fraction  of  dissociation  in- 
creases, as  the  temperature  of  a  gas  is  gradually  raised,  will  be 
greatest  when  the  mean  temperature  approaches  the  real  dissocia- 
tion temperature  of  the  gas,  for  the  temperature  of  the  greater 
number  of  the  molecules  will  be  coincident  with,  or  very  closely 
approximating  to,  that  point. 

The  vapour  density  of  nitrogen  peroxide,  if  it  could  be  ascertained 
when  all  the  gaseous  molecules  had  the  composition  N2O4,  would 
be  46 ;  while  that  of  the  gas,  when  entirely  dissociated  into  NO, 
molecules,  is  23.  At  temperatures  between  these  extremes,  the  gas, 
consisting  of  mixtures  of  both  molecules,  will  have  a  density  lying 
between  these  figures,  thus  at  27.6"  and  60.2**  the  density  is  38.3  and 
3a I  (see  Nitrogen  Peroxide,  and  also  Phosphorus  Pentachloride). 

The  effect  of  increased  pressure  upon  a  gas  being  to  diminish 
the  mean  free  path  of  the  molecules,  and  thereby  increase  the 
number  of  molecules  in  a  given  space,  the  number  of  impacts 
between  the  molecules  in  a  given  time  will  be  increased.  If, 
therefore,  while  the  nitrogen  peroxide  is  maintained  at  a  constant 
temperature,  say  62. 2^  the  pressure  be  increased,  the  dissociated 
molecules,  having  shorter  distances  to  travel,  and  making  more 
frequent  impacts  in  a  given  time,  will  unite  more  quickly  than 
others  are  being  disunited,  and  a  fresh  condition  of  equilibrium 
will  be  established  for  any  particular  pressure. 

The  case  of  phosphonium  chloride  already  mentioned  may  be 
referred  to  as  an  illustration.  This  compound  is  completely  dis- 
sociated into  molecules  of  phosphoretted  hydrogen,  PH3,  and 
hydrochloric  acid,  below  a  temperature  of  o".  If,  while  at  this 
temperature,  it  be  subjected  to  pressure,  the  dissociated  molecules 
are  caused  to  unite,  and  at  a  pressure  of  thirteen  atmospheres  the 
union  is  complete,  the  whole  of  the  disunited  molecules  having 
combined  to  form  molecules  of  phosphonium  chloride,  PH4CI. 

If  in  the  process  of  dissociation  one  of  the  products  be  with- 
drawn from  the  sphere  of  action,  then  the  process  may  be  carried 
on  to  completion.  For  example,  in  the  case  of  calcium  carbonate 
already  quoted,  if  this  substance  is  heated  in  such  a  manner  that 
as  fest  as  it  dissociates,  the  gaseous  product,  namely  the  carbon 
dioxide,  is  allowed  to  escape  and  so  pass  away  from  the  sphere  of 
action,  the  change  expressed  by  the  equation 

CaCOa  =  CaO  -f  CO^ 

will  proceed  until  the  whole  of  the  carbonate  has  been  converted 
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into  oxide.     But  if,  on  the  other  hand,  tlie  action  is  made  ii 
place  in  a  closed  vessel,  so  that  the  carbon  dio 
roni:ict  with  tiic  lime,  then  the  reverse  action  comes  into  operatitfl 
namely — 

CaO  4-  CO5  -  CaCO,, 

and  a  condition  is  arrived  at  In  which  the  one  action  proceeds 
the  same  rate  as  the  other.    The  pressure  exerted  hy  ilie 
dioxide  under  these  circumstances  is  spolcen  of  as  the  n 
tioH  pressure  of  the  calcium  carlxinate  for  that   particular 
pcralure. 

If,  now,  when  this  condition  of  equilibrium  is  established 
temperature  be  raised,  the  balance  will  t>e  disturbed,  and 
materials  will  readjust  themselves  to  a  fresh  condition  ofequilibi 
at  the  higher  temperature  in  which  the  dissociation  pressure 
also  be  greater.     For  any  given  Icmprerature,  therefore,  the 
socialion  pressure  is  ihe  only  possible  pressure  at  which  a  slate: 
equilibrium  can  be  established  between  carbon  dioxide,  calcil 
carlmnate,  and  calcium  oxide  ;  for  if  while  the  tempemture  is  ci 
Slant  the  pressure  upon  the  i^as  were  to  be  increased  by 
means  and  maintained  at  a  higher  point,  union  between  the  carl 
dioxide  and  Hmc  would  proceed  until  ihe  whole  of  the  lime 
converted  into  the  carbonate.     On  Ihe  other  hand.  If  the  pressi 
were  to  be  reduced  and  maintained  at  a  lower  point,  (hen 
sociation  would  go  on  until  the  action  wa^  compleie  and  < 
more  one  of  the  three  Interacting  substances   would  ceasi 

Increasing  and  diminishing  the  pressure  upon  a  gas  is  obviously 
synonymous  with  increasing  and  diminishing  the  number  of  — -'-' 
cules  in  a  given  volume.  This  in  modern  phraseology  is  call 
the  molecular  conrenlralioii  of  ihe  gas,  which 
idea  as  the  expression  active  mass.  P'rom  the  above  illuslratioi 
therefore,  ii  will  be  clear  that  there  is  some  connection  between 
Ihe  molecular  coacentrailon  (or  active  mass)  of  the  carbon  dioxide 
and  ihe  rate  of  the  chemical  actions  in  question.  This  connection 
Is  thus  formulated  (Guldberg  and  Waage)  ;  the  rale  of  chemical 
action  is  proportional  to  the  active  mass  (molecular  concentration) 
of  each  of  the  reacting  substances.  Advantage  is  sometimes 
taken  of  these  facts  in  determining  the  vapour-density  of  a 
slance  which  when  heated  dissociates  into  two  gaseous 
Btiluent!.     For  example,  phosphorus  pentachloride  when  heal 
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dissociates  into  phosphorus  trichloride  and  chlorine  (see  page  466), 
according  to  the  equation — 

PCI5 :;!  PClj  X  Cl^ 

But  if  the  active  mass  of  either  the  chlorine  or  the  trichloride  be 
increased  by  adding  more  molecules  of  either  one  of  these  sub- 
stances from  some  other  source,  the  extent  to  which  dissociation 
takes  place  will  be  proportionally  diminished.  Hence,  by  heating 
the  pentachloride  in  an  atmosphere  of  chlorine  and  thereby  greatly 
increasing  the  molecular  concentration  of  this  gas,  dissociation  may 
be  so  fiir  prevented  that  the  density  of  the  vapour  is  found  to  have 
practically  the  normal  value  for  the  compound  PCI5. 


CHAPTER  XI 

ELECTROLYSIS  AND  ELECTROLYTIC  DISSOCIATION^ 

If  a  strip  of  pure  line  and  a  strip  of  platinum  be  together  dippe 
Into  a  vessel  contHininij  dilute  sulphuric  acid,  neither  metal  jfl 
affected  by  the  acid,  so  long  as  the  metals  do  not  touch  each  olher-H 
If  the  ends  of  the  strips  outside  the  liquid  be  joined  hy  means  of  a 
metal  wire,  the  linc  (jradtjally  dissolves  In  the  acid,  and  bubbles 
of  hydrogen  are  disengaged  from  the  liiiuid  in  contact  with  the 
surftice  of  the  platinum  plale  (which  itself  is  otheruise  unaffecled 
by  tlie  acid),  nnd  at  the  same  litne  an  electric  current  passes 
through  the  wire.  So  long  as  the  chemical  action  of  the  sulphuric 
acid  upon  the  iinc  proceeds,  so  long  will  the  electric  current  con- 
llnuc  to  pass  i  in  other  words,  chemical  energy  will  be  transformed 
into  electrical  energy.  If  the  wire  be  severed,  the  electric  curreni 
can  no  longer  pass,  and  the  chemical,  act  ion  ai  once  stops. 

Such  an  arrangement  constitutes  a  galvanic  or  voltaic  elemen] 
or  cell,  and  a  series  of  such  cells  forms  a  galvanic  battery.  ' 
'line  plate,  or  the  end  of  a  wire  that  may  be  connected  to  r 
termed  the  negative  pole  of  the  battery,  while  the  end  of  a  « 
attached  to  the  platinum  plale  is  the  positive  pole.  Other  arrangt 
meiils  can  be  employed  for  generating  a  galvanic  current,  but  ii 
all  cases  the  electrical  energy  is  derived  ultimately  from  chemica 

If  the  two  poles  of  a  battery  are  connected  together  by  placing 
them  both  in  contact  with  various  different  substances,  it  is  seen 
that  in  some  cases  the  electric  current  passes,  and  in  others  not. 
For  instance,  if  the  poles  are  joined  by  placing  them  both  in  contact 
with  a  bar  of  sulphur,  no  current  passes,  whereas  when  connected 
by  a  rod  of  graphite  the  curreni  freely  passes.  Substances  which 
behave  in  this  respect  like  Ihe  sulphur  are  said  to  be  non-con- 
ductors of  electricity,  while  those  that  allow  the  current  to  pass 
are  distinguished  as  conductors.  Substances  capable  of  conducting 
electricity  are  of  two  kinds,  namely,  those  which  ate  merely  heated. 
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and  those  which  undergo  a  chemical  change  in  consequence.  All 
the  metals,  and  a  few  of  the  non-metals,  belong  to  the  first  of  these 
classes ;  while  the  second  includes  a  large  number  of  compound 
substances,  which  are  either  in  the  liquid  state  or  in  solution  in 
some  solvent  Thus,  if  the  poles  of  a  battery  are  immersed  in  pure 
water,  practically  no  current  passes,  because  this  liquid  is  a  non-con- 
ductor ;  but  if  a  quantity  of  hydrochloric  acid  (HCl)  be  dissolved  in 
the  water,  the  solution  at  once  becomes  a  conductor,  and  it  is  seen 
that  gas  is  disengaged  from  the  liquid  upon  the  surface  of  each 
wire.  If  the  solution  of  hydrochloric  acid  is  moderately  strong, 
it  will  be  found,  upon  examination,  that  the  gas  evolved  at  the 
negative  pole  is  hydrogen,  while  that  from  the  positive  pole  is 
chlorine :  the  hydrochloric  acid,  therefore,  is  separated  into  its 
elements  by  the  passage  of  an  electric  current  through  its  aqueous 
solution.  Such  a  process  of  decomposition  is  termed  electrolysis ; 
and  the  conducting  liquid  is  known  as  an  electrolyte. 

The  poles  or  terminals  that  are  introduced  into  the  electrolyte 
are  called  electrodes^  the  negative  electrode  being  tcnned  the 
cathode^  and  the  positive  electrode  the  anode. 

Liquids  which  do  not  conduct  electricity,  or  conduct  only  with 
extreme  difficulty,  such  as  water,  benzene,  aqueous  solutions  of 
alcohol  or  of  sugar,  are  called  non-electrolytes ;  while  those  which 
are  good  conductors,  such  as  aqueous  solutions  of  hydrochloric 
acid  or  of  sodium  chloride,  are  called  electrolytes.  Other  liquids 
range  themselves  between  these  two  extremes  with  respect  to 
their  conductivity,  but  those  which  may  be  said  to  fall  about 
midway  are  sometimes  spoken  of  as  half-electrolytes.  These 
terms,  strictly  speaking,  apply  to  the  actual  liquids  or  solutions  ; 
thus  in  the  above  examples  it  is  the  aqueous  solution  of  sugar 
which  is  the  non-electrolyte,  and  the  aqueous  solution  of  sodium 
chloride  which  is  the  electrolyte.  For  brevity,  however,  it  is  usual 
to  apply  the  terms  to  the  substance  in  solution,  and  to  understand 
that  an  aqueous  solution  is  meant  unless  another  solvent  is  specially 
mentioned.  Thus,  when  we  say  that  sugar  is  a  non-electrolyte, 
and  sodium  chloride  an  electrolyte,  it  is  the  aqueous  solutions  of 
these  substances  that  are  referred  to. 

In  the  class  of  electrolytes  are  included  the  strong  acids,  such 
as  nitric,  hydrochloric,  and  sulphuric  acids  ;  the  strong  bases,  such 
as  the  hydroxides  of  the  alkali  metals,  and  almost  all  the  class  of 
substances  known  as  salts,  irrespective  of  whether  the  acids  and 
bases  they  are  composed  of  are  electrolytes  or  half-electrolytes. 
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The  half- elect rolyies  are  the  weak  acids,  such  as  acetic,  tartaric, 
and  oxalic  acids,  and  the  weak  bases,  as  amnionlum  hydroxide  and 
the  hydroxides  of  divalent  metals  other  than  the  alkaline  catlh 
metals.  N  on -electrolytes  are  substances  of  a  neutral  character 
such  as  sugar,  this  class  including  the  large  majority  of  organic 
compounds  which  do  not  happen  to  fall  under  the  category  of 
acids,  bases,  and  salts. 

In  a  great  number  of  instances  the  eleclrolytic  decomposition  is 
accompanied  by  certain  secondary  reactions,  caused  by  the  action 
of  the  primary  products  of  the  decomposition  upon  either  the 
electrolyte  or  the  solvent ;  for  example,  when  a  solution  of  sodium 
chloride  (NaCl)  is  electrolysed,  the  primary  products  are  sodium  and 
chlorine,  the  latter  appearing  at  the  anode  and  the  sodium  making 
its  appearance  at  the  cathode.  The  metal  sodium,  however,  in 
contact  with  the  water  in  the  neighbourhood  of  the  cathode  at 
once  exerts  chemical  action  upon  the  liquid,  with  the  liberation  of 
its  equivalent  of  hydrogen,  according  to  the  equation — 

2Na-h2Il,0  =  2NaHO+Hj.  J 

Similarly,  in  the  case  of  hydrochloric  acid,  if  the  solution  in 
sufficiently  dilute  the  final  products  obtained  by  subjecting  it  to 
electrolysis  are  no/  hydrogen  and  chlorine,  but  hydrogen  and 
oxygen.  As  before,  the  primary  products  are  the  same,  but  under 
the  altered  condition  the  chlorine  which  is  discharged  at  the 
anode  acts  upon  the  water,  combining  with  the  hydrogen,  and 
liberating  an  equivalent  quantity  of  oxygen  :  the  two  actions 
being  expressed  by  the  equations — 

4HCI  =  4C!  +  2H, 
4Cl+2HjO=4HCI-l-Oa 

Again,  when  a  dilute  solution  of  sulphuric  aci 
electrolysed,  the  acid  separates  into  the  two  primary  products' 
H,  and  SO,.  The  hydrogen  as  before  appears  al  the  cathode, 
while  the  group  or  radical  SO,  passes  to  the  anode,  where  it  under. 
goes  decomposition  in  contact  «ith  the  water,  reforming  sulphuric^ 
acid,  while  oxygen  escapes.    Thus^ 


2H,SO,=2H,4-2SO, 
2S0,  -H  2H  jO  =  Oj-I-  2H,S0, 


I 

lets 
ide, 
ler. 


It   will  be  observed  that  the  final  products  are  oxygen  and 
hydrogen  in   the  proportion  o£  two  vo\un\ts  ot  Ivjdio^Q  W  one 
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volume  of  oxygen  ;  that  is,  the  proportion  in  which  they  exist  in 
water.  This  process  is,  in  fact,  the  same  as  that  frequently  spoken 
of  as  the  "electrolysis  of  water"  (see  page  207). 

If  instead  of  a  solution  of  sulphuric  acid,  a  solution  of  sodium 
sulphate,  Na^SO^,  is  treated  in  the  same  way,  this  compound 
separates  into  the  two  primary  products  2Na  and  SO4 ;  the  sodium 
passing  to  the  cathode  and  the  SO4  to  the  anode.  The  sodium 
in  contact  with  the  water  interacts  as  explained  above,  liberating 
an  equivalent  quantity  of  hydrogen  ;  while  the  SO4  group,  as 
before,  gives  rise  to  the  reformation  of  sulphuric  acid  and  the 
liberation  of  oxygen.  The  final  products,  therefore,  are  again 
hydrogen  and  oxygen  in  the  same  proportions  as  before  ;  while  the 
sulphuric  acid  and  caustic  soda  reunite  to  form  sodium  sulphate. 

In  the  same  way,  when  an  aqueous  solution  of  copper  sulphate 
(CuSOi)  is  submitted  to  electrolysis,  the  primary  products  are 
copper,  Cu,  and  the  group  SO4.  The  copper  is  liberated  at  the 
cathode,  and  since  it  exerts  no  action  upon  the  water,  it  is  deposited 
as  a  metallic  film  upon  the  electrode. "^  The  group  SO4  again 
passes  to  the  anode,  where  it  undergoes  decomposition  in  the 
presence  of  the  water,  as  in  the  former  cases. 

The  primary  products  of  electrolysis  are  termed  the  ions.  Those 
ions  that  appear  at  the  anode  (positive  electrode)  are  those  which 
arc  negatively  electrified,  or  which  convey  negative  electricity  ; 
such  as  the  elements  fluorine,  chlorine,  bromine,  iodine,  and  a 
number  of  acidic  groups  or  radicals,  such  as  the  SO4  group  already 
mentioned.  Inasmuch  as  the  negative  ions  appear  at  the  anode, 
they  are  called  anions. 

Those  ions,  such  as  hydrogen  and  the  metals,  which  travel  to  the 
cathode  (negative  electrode)  are  those  that  are  positively  electri- 
fied, or  in  other  words,  which  convey  positive  electricity  :  positive 
ionSy  therefore,  are  distinguished  as  cations,i 

•  This  is  the  essence  of  the  process  of  electro-plating.  The  metal  to  be  de- 
posited, whether  it  be  gold,  silver,  or  nickel,  &c.,  in  the  form  of  a  suitable  salt 
(usually  a  double  cyanide)  in  aqueous  solution,  forms  the  electrolyte.  The  object 
to  be  plated  is  made  the  cathode,  that  is,  it  is  suspended  in  the  liquid  and  is 
connected  to  the  negative  electrode  of  a  suitable  battery.  The  anode  consists 
of  a  strip  of  the  metal  to  be  deposited.  Thus  in  silver  plating,  a  strip  of  silver  is 
empk>yed,  and  in  this  way  the  acidic  radical  that  is  liberated  at  the  anode 
dissolves  the  metal,  and  thereby  prevents  the  weakening  of  the  solution,  which 
would  otherwise  result  from  the  gradual  deposition  of  silver  upon  the  cathode. 

f  The  student  will  sometimes  meet  with  the  words  cation  and  cathode  spelt 
koHon  and  kathode,  and  in  view  of  their  Greek  origin  l\\\s  tvo  ^o>3Xa  vs»\\"^\^\^ 
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of  gold  3  units ;  or,  in  other  words,  the  number  of  units  of  electricity 
required  to  liberate  a  gramme-atom  is  identical  with  the  number 
representing  the  valency  of  that  atom  in  the  particular  electrolyte 
employed. 

Some  metals,  such  as  copper,  mercury,  tin,  &c,  are  capable  of 
functioning  with  different  degrees  of  valency.  Thus  copper  is 
divalent  in  copper  sulphate  and  in  cupric  chloride,  but  mono- 
valent in  cuprous  chloride.  If,  therefore,  i  unit  of  electricity  be 
passed  through  aqueous  solutions  of  each  of  these  copper  chlorides, 

in  the  case  of  cupric  chloride  -2:5  =  31.7  grammes  of  copper  will 

be  deposited,  while  in  the  cuprous  chloride  -i5  b  63.$  grammes 

are  formed. 

The  Ionic  Theory. — The  modem  theory  now  generally  held, 
to  explain  the  phenomena  of  electrolysis,  is  known  as  the  theory 
of  electrolytic  dissociation  or  the  ionic  theory.  The  passage  of 
electricity  through  conductors  of  the  two  classes  above  mentioned, 
that  is,  through  conductors  such  as  metals,  and  those  which  are 
electrolytes,  may  be  compared  with  the  two  ways  by  which  heat 
is  transmitted,  namely,  by  conduction  and  cotlvection.  When 
a  bar  of  metal  is  heated  at  one  end,  the  heat  travels  along 
the  bar,  the  met<il  remaining  stationary  ;  but  when  water  is 
contained  in  a  tube  which  is  heated  at  its  lower  end,  the  heated 
particles  of  water  travel  along  the  tube,  conveying  the  heat 
to  the  other  extremity.  In  a  similar  manner,  when  electricity 
passes  through  a  metallic  conductor,  the  electricity  travels  through, 
or  along,  the  metal,  which  itself  does  not  move  ;  but  when 
it  is  passed  through  an  electrolyte,  it  is  conveyed  or  trans- 
ported through  the  liquid  by  the  moving  ions.  One  set  of  ions 
charged  with  negative  electricity  travels  towards  the  anode,  while 
another  set  conveying  positive  electricity  moves  towards  the 
cathode.  In  the  earlier  stages  of  the  development  of  the  present 
theory  it  was  supposed  that  the  electrolyte  was  only  separated 
into  its  ions  as  the  electric  current  was  passed  into  it,  that  the 
electricity  was  the  prime  cause  of  the  dissociation  of  the  electro- 
lyte, hence  the  expression  electrolytic  decomposition^  still  commonly 
nsed.  It  was  believed  (Grotthus)  that  the  first  effect  of  the  current 
was  to  cause  the  molecules  in  the  solution  to  take  up  positions 
towards  each  other  and  the  electrodes  which  may  be  crudely 
ited  by  the  top  line  in  the  following  diagram,  where  thi 
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molecules  of  hydrochloric  acid,  for  example,  are  iirranged  i 
their  electro- negative  constituents  all  directed  to  the  annde,  and* 
their  electro-positive  elements  towards  the  cathode  ^precisely  ai 
number  of  separate  cells  in  a  battery  would  be  arranged.  Then 
thai  a  disruption  of  the  molecules  look  place  in  which  those 
nearest  to  the  electrodes  parted  wilh  their  positive  and  negative 
ions  tollieir  respeclive  electrodes  (where  they  would  be  disengaged 
as  free  hydrogen  and  chlorine  in  the  case  of  hydrochloric  acid), 
while  an  exchange  of  partners  between  the  other  molecules  all 
along  the  line  look  place,  as  represented  in  the  second  line,  result- 
ing in  the  formation  of  fresh  molecules  of  the  original  compound. 
These  would  then  immediately  assume  the  position  of  those  in  the 
upper  row.    This  theory,  while  affording  an  explanation  of  many 
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I  connected  with  electrolysis  (such  as  the  &c|H 

that  the  ions  are  disengaged  only  at  the  surface  of  the  eleclrodei^f 
and  not  in  the  intcrs-ening  space ;  that  the  appearance  of  Ihe 
liberated  ions  takes  place  simultaneously  at  the  two  electrodes, 
however  far  removed  from  each  oihcr,  &c.),  was  not  capable  of 
satislying  all  the  facts  of  the  case.  It  was  pointed  out  (Clausius) 
that  if  the  electric  current  were  the  actual  cause  of  the  separatiot) 
of  the  molecules  into  their  constiluenl  ions,  this  ought  to  be  made 
manifest  by  the  fact  that  the  current  would  have  to  expend  energy 
in  doing  the  work  of  effecting  such  decompositinn.  13ut  exact 
experiment  shows  that  this  is  not  the  case.  It  is  found  that  when 
an  electric  current  passes  through  an  electrolvle,  no  electric  energy 
is  absorbed  in  causing  the  dissociation  of  Ihc  molecules  of  the 
dissolved  substance  ;  but  that  the  current  is  conducted  by  electro- 
lytes with  the  same  freedom  as  it  is  by  metallic  conductors.  In 
other  words,  it  has  been  shown  that  Ohm's  law  is  equally  appli- 
it  is  to  metals,  namely,  that  the  ci 
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and  now  generally  accepted  by  chemists  and  physicists,  is  that  all 
solutions  which  are  capable  of  conducting  electricity  contain  mole- 
cules which  are  already  in  a  state  of  dissociation.  That  is  to  say, 
the  electrolyte  (using  the  term  to  denote  the  dissolved  substance, 
as  explained  on  p.  97)  consists  of  molecules  which  are  already 
dissociated  into  their  constituent  ions  to  a  greater  or  less  extent. 
The  simple  act  of  solution  in  water  results  in  the  dissociation  of  a 
portion  of  the  molecules  into  their  positive  and  negative  ions.  For 
example,  sodium  chloride  is  an  electrolyte ;  when,  therefore,  this 
substance  is  dissolved  in  water  a  certain  proportion  of  the  molecules 
immediately  undergoes  ionic  dissociation,  so  that  the  solution  con- 
tains some  molecules  of  sodium  chloride,  some  sodium  ions,  and 
some  chlorine  ions.  In  such  solutions  it  is  the  ions  alone  which 
take  any  part  in  the  conduction  of  the  electric  current,  the  undis- 
sociated  molecules  being  entirely  inoperative.  Obviously,  there- 
fore, when  a  substance  dissolves  in  water  without  undergoing 
ionic  dissociation,  the  solution  will  be  a  non-electrolyte ;  while  if 
dissociation  only  takes  place  to  a  limited  extent  the  solution  will 
come  under  the  head  of  the  half-electrolytes.  Strong  acids,  bases, 
and  salts,  which  are  good  electrolytes,  are  therefore  the  substances 
which  undergo  dissociation  to  the  greatest  extent.  For  any  given 
solution  the  extent  to  which  dissociation  takes  place  increases 
as  the  solution  is  diluted  until  a  point  is  reached  at  which  all 
the  molecules  are  dissociated  into  their  ions. 

At  first  it  might  appear  contrary  to  established  ideas  that  in 
such  a  case  as  sodium  chloride,  for  instance,  the  sodium  and 
chlorine  in  the  free  or  separated  state  should  be  capable  of  exist- 
ence side  by  side  in  the  same  liquid — a  liquid,  moreover,  upon  which 
one  of  these  elements,  namely,  the  sodium,  is  under  ordinary  circum- 
stances capable  of  exerting  a  chemical  action.  Similarly,  that  with 
such  a  compound  as  sodium  sulphate  there  should  not  only  be  the 
same  element,  sodium,  existing  in  contact  with  water,  but  also  a 
group  of  elements,  or  radical,  SO4,  which  is  not  kno^n  in  a  state  of 
separate  existence.  These  ions,  however,  whether  elementary  like 
sodium  or  compound  like  the  group  SO4,  are  all  united  with  and 
carry  with  them  enormous  electrical  charges,  positive  or  negative, 
as  the  case  may  be  ;  and  it  is  only  so  long  as  they  retain  their 
electrical  charges  that  they  can  retain  an  independent  existence 
and  exhibit  their  own  special  properties.  When  the  electrodes 
from  an  electric  battery  are  introduced  into  a  solution  of  sodium 
chloridCi  the  sodium  ions  with  their  positive  charges  are  attracU 
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to  the  cathode  ;  they  there  discharge  their  loads  of  electricity,  aM 
(hereupon  become  ordinary  atoms  of  sodium,  possessing  the  p 
perties  usually  associated  with  that  metal.  Hence,  since  ordinal 
sodium  cannot  exist  in  contact  with  water,  the  metal  iminediatd 
upon  its  liberation  at  the  cathode  reacts  upon  the  water  with  whit^ 
it  is  in  contact  in  the  manner  usual  lo  sodium.  Similarly,  t 
chlorine  ions  with  the  negative  electric  charges  arc  endowed  with 
their  own  characteristic  properties,  which  are  retained  so  long  as 
the  atom  is  united  to  the  electricity.  So  soon  as  it  loses  its  charge, 
which  it  does  when  it  conveys  it  to  the  anode,  the  chloride  ion 
then  becomes  a  chlorine  atom,  two  of  which  immediately  unite, 
forming  a  molecule  of  the  element  possessing  the  ordinary  proper- 
lies  of  chlorine  gas.  I  If,  therefore,  we  use  the  tenn  radical  to 
embrace  single  atoms  as  well  as  groups  of  atoms,  we  may  describe 
an  ion  as  a  radical  united  to  an  electric  charge — a  positive  ion 
being  one  which  carries  positive  electricity,  and  a  negative  ion 
being  a  radical  which  Is  united  to  a  negative  charg&J 

Indeed,  instead  of  regarding  this  subject  as  one  presenting  a 
new  difficulty  to  the  mind,  we  may  even  trace  an  analogy  between 
it  and  another  set  of  ideas  with  which  we  are  already  quite  fami- 
liar. We  know  that  when  atoms  enter  into  chemical  union  with  each 
other  they  lose  their  own  characteristic  properties,  and  that  the 
resulting  compound  is  endowed  with  new  and  different  properties. 
When  an  atom  of  sodium  combines  with  an  atom  of  chlorine  the 
sodium  no  longer  exhibits  the  properties  of  metalhc  sodium  ;  and 
similarly,  when  sodium  is  combined  with  a  negative  electric  charge 
it  possesses  propertiesdiffcringfrom  those  of  metallic  sodium.  The 
CJsact  "how"  and  "  why"  are  equally  mysterious  in  both  cases, 
and  in  neither  case  are  we  able  to  explain  the  precise  n 
of  the  union  for  which  in  both  instances  we  employ  the  word.^ 
"  combine." 

If  vre  take  as  our  unit  the  amount  of  electricity  which  is  c 
by  one  atom  of  hydrogen,  then  of  all  monmialenl  ions  we  may  s 
that  they  convey  one  unit  of  electricity,  for  all  such  ion: 
to  equal  amounts  of  electricity,  whether  they  be  simple  or  comptet  . 
radicals.     Divalent  and  trivaleni  ions  respectively  are  united  to 
twttand  three  units  of  electricity.     In  chemical  notation,  when  it 
is  wished  lo  indicate  ions  as  such,  it  is  customary  lo  do  so  by  the 
use  of  a  dot  ('}  or  a  dash  (')ias  the  case  may  be,  to  denote  positive-- 
or  negative  charges.    Thus  Na"  signifies  a  sodium  ion,  the  c 
dot  conveying  the  information  both  that  it  is  a  cation,  and  a 
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that  it  is  a  inoiio\'aIent  cation.  Cf  represents  the  monovalent 
anion,  called  the  Morid*  ion  as  a  distinction  from  Mmme^  Si^i^ 
in  the  same  way,  stands  for  the  sulphate  ion  or  smlpkiom^  with  its 
two  negative  charges,  and  Fe***  for  the  trivalent  ferric  ion  with  its 
triple  charge  of  positi\'e  electricity.  Sodium  chloride  in  so/miWM 
would  be  represented  by  the  formula  Na'CK,  ferric  chloride  by 
Fe'^Cr,,  potassium  sulphate  by  K'^SOf",  and  so  on. 

It  is  usual  to  regard  the  amount  of  electricity  which  is  carrietl 
by  one  gramme  of  hydrogen  as  the  unit,  instead  of  that  conve\*ed 
by  one  atom.  The  value  of  this  unit  is  96,550  coulombs.  Hence 
these  dots  and  dashes  signify  that  one,  two,  or  three  times  96,550 
coulombs  of  electricity  are  carried  by  the  ji^ntmrne-mo/rcn/e  (see 
p.  57)  of  the  ion  according  to  the  number  of  these  signs  attached  to 
it.  Thus  96  granmies  of  SO/'  will  carry  96,550x2  coulomlw  of 
negative  electricity  ;  18  grammes  of  Nil 4*  carries  96,550 x  i  cou- 
lombs of  positive  electricity,  and  95  grammes  of  PO/"  conveys 
96,550x3  coulombs,  or  3  units  of  electricity.  In  other  words, 
each  dot  and  dash  attached  to  the  formula  signifies  one  charge 
of  96,550  coulombs  united  to  the  gmmme-niolcculc  of  the  ion. 

It  will  be  evident  that  ionisation  or  electrolytic  dissociation 
is  a  phenomenon  of  a  different  order  from  that  which  takes 
place  when  a  compound  dissociates  under  the  influence  of  heat, 
as  discussed  in  the  previous  chapter.  Under  these  circumstances 
it  was  explained  that  the  salt  ammonium  chloride,  for  example, 
dissociates  when  heated  into  the  two  compounds  NII3  and  Wi'A  ; 
whereas  when  it  is  dissolved  in  water  it  undergoes  electrolytic 
dissociation  into  the  two  ions  NH4*  and  Cr. 

The  table  on  p.  106  gives  a  number  of  the  common  ions,  positive 
and  negative. 

The  fact  that  electrolytes  dissociate  into  two  ions,  a  positive 
and  a  negative  ion,  has  led  to  the  application  of  the  term  binary 
to  them  by  physicists,  although  this  expression  is  usually  employed 
by  chemists  to  denote  a  compound  composed  only  of  two  fUments 
(sec  p.  15).  From  the  point  of  view  of  the  ionic  theory,  therefore, 
anunonium  sulphate  (NH4)]*SO/'  is  a  binary  compound  in  spite  of 
the  £ftct  that  it  contains  four  different  elements,  because  it  dis- 
sociates into  the  two  ions  NH4'  and  SO4''. 

Again,  regarding  them  from  the  same  standpoint,  acids,  bases, 
and  salts  all  behave  in  a  perfectly  simiLir  manner  ;  to  the  *'  ionist," 
as  such,  there  is  no  diff^^rence  between  these  three  kinds  of  suf>- 
stances;  it  is  therefore  sometimes  convenient  to  class  them  all 
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OH'.  Hydroxide 
P.  Fluoride 
CI',  Chloride 
Br',  Bromide 
[',  Iodide 
.\0,'.  Nitrate 
0.04.  Chlorale 
aO,',  Perchlorate 
MnO/.  Permanganale 
CjHjOi'p  Atetate 

*~id  the  onigDSofall 


SO,",  Sulphate 
SO,",  Sulphite 
SjO,',  Thiosulphale 
MnOt",  Manganate 
CO,",  Carbonate 
S",  Sulphide 
C,04',  Oxalate 


together  as  salti.  Those  which  from  a  chemical  point  of  view  arc 
acids,  from  the  ionic  standpoint  are  salts  of  hydrogen,  that  is,  salts 
in  which  all  the  positive  ions  are  hydrogen  ;  while  Ihose  which 
are  tisually  termeii  bases  are  spoken  of  as  sails  of  hydroiyl,  or  salts 
in  which  the  only  negative  ions  are  hydroxide  ions.* 

■  The  student  will  not  fall  into  the  error  of  supposing  that  it  would  be 
either  tlesirable  01  possible  to  abolish  the  classification  of  acids,  ba^s,  and 
1  bases  are  two  perfect Ij 
i  will  always  be  employed 


^1  classes  of  compounds,  and  these 
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What  is  understood  as  the  molecular  conductivity  of  a  solution 
is  its  specific  conductivity  expressed  in  the  usual  electrical  units, 
divided  into  the  number  of  gramme-molecules  of  the  dissolved 
substance  contained  in  the  solution ;  or  what  is  the  same,  multi- 
plied by  the  number  of  litres  of  the  solution  which  contains  one 
gramme-molecule  of  the  substance. 

Now  since  it  is  the  ions  present  in  an  electrolyte  which  alone 
take  any  part  in  the  conveyance  of  electricity,  the  undissociated 
molecules  present  being  inoperative,  it  will  be  obvious  that  the 
molecularconductivity  of  an  electrolyte  will  depend  partly  upon  the 
number  of  ions  present — in  other  words,  upon  the  extent  to  which 
the  electrolyte  is  dissociated— and  partly  upon  the  rate  at  which 
the  ions  travel  or  migrate  in  the  liquid. 

It  has  been  found  (Hittorf)  that  different  ions  under  the  same 
conditions  travel  at  different  rates.  From  determinations  of  the 
changes  in  concentration  which  take  place  in  the  electrolyte 
immediately  round  the  electrodes,  it  has  been  shown  that  in  a 
solution  of  given  concentration  and  under  the  same  electrical 
conditions,  all  the  ions  of  one  kind  travel  with  a  constant  velocity, 
but  that  the  rate  differs  for  different  kinds  of  ions.  For  example, 
it  is  found  that  the  ion  H'  migrates  with  a  velocity  about  twice  as 
great  as  that  at  which  the  negative  ion  HO'  travels,  and  about  five 
times  the  rate  at  which  the  cation  K*  migrates. 

When,  therefore,  a  solution  is  diluted,  and  its  molecular  con- 
ductivity thereby  increased,  this  increased  conductivity  will  be  due 
partly  to  the  greater  rate  of  migration  of  the  ions  which  follows 
upon  dilution,  and  partly  to  the  increased  number  of  ions  present ; 
for,  as  already  stated,  as  the  solution  is  diluted  more  and  more,  so 
ionisation  takes  place  to  a  greater  extent 

It  is  found  by  experiment  that  as  the  solution  is  diluted,  the 
molecular  conductivity  at  first  rises  somewhat  rapidly,  that  js  to 
say,  a  moderate  increase  of  dilution  causes  a  considerable  rise  in 
conductivity  ;  but  after  a  certain  dilution  is  reached,  the  rate  of 
increase  of  molecular  conductivity  is  greatly  diminished  ;  and 
after  continuing  slowly  to  increase  on  further  dilution,  a  point  is 
at  length  reached  beyond  which  no  increase  of  conductivity  follows 
upon  additional  dilution.  The  conductivity  at  this  latter  point  is 
called  the  molecular  conductivity  at  infinite  dilution^  and  at  this 
point  the  whole  of  the  electrolyte  has  become  dissociated  into  its 
ions.  The  point  of  dilution  at  which  the  rate  of  increase  of  mole- 
cular conductivity  makes  the  marked  change  may  be  regarded  as 
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the  point  at  which  dilution  ceases  lo  influence  ihe  rate  < 
lion  tif  the  ions. 

Since  the  molecular  conductivity  is  in  this  way  dependent  upe 
two  factors,  namciy,  the  speed  of  migialion  of  the  Ions  and  the 
degree  of  tonic  dissociation,  it  will  be  obvious  that  it  cannot  by 
itself  afford  a  true  measure  of  dissociation.  The  dissocitiiion 
cot^citnt,  or  the  fraaion  of  the  molecules  of  an  electrolyte  which 
are  dissociated  into  their  ions  at  a  given  concentration,  is  the  ratio 
lielween  the  molecular  conductivity  at  that  concentration  to  the 
molecular  conductivity  at  infinite  dilution.  Hence,  if  m^  and 
m„  ai-e  the  molecular  conductivities  at  infinite  dilution  and  at  con- 
centration c  respectively,  then  the  coefficient  of  dissociation  d 
will  be— 

rf=«Jm„. 

Some  general  idea  of  the  degrees  of  dilution  which  are  being 
dealt  with  in  these  considerations  may  be  gained  from  a  single 
example.  Thus  in  a  solution  of  common  salt,  the  strength  of  the 
solulioQ  at  which  the  rate  of  the  migration  of  the  ions  is  practically 
unaffected  by  further  dilution  is  such  that  one  litre  contains 
about  ^th  of  a  gramme -molecule  of  the  salt,  or  5,85  grammes  ; 
while  a  solution  which  has  been  diluted  until  its  molecules  are 
wholly  dissociated  contains  only  about  ynJaath  of  a  gramme- 
molecule  per  litre,  or  is  a  thousand  times  more  dilute. 

The  ionic  theory  is  in  harmony  with  and  derives  support  from 
the  laws  which  regulate  the  influence  of  substances  in  solution 
upon  osmotic  pressure  (page  1 58),  upon  the  lowering  of  the  vapour- 
pressure  (page  135),  and  upon  the  lowering  of  the  freezing- point  of 
the  solvent  (page  140),  Dilute  solutions  of  electrolytes  arc  found  to 
exhibit  deviations  from  these  laws  much  in  the  same  way  that 
gases  which  undergo  dissociation  depart  from  the  usual  gas  laws. 
Thus  it  is  observed  that  in  the  case  of  dilute  solutions  of  electro- 
lytes, the  osmotic  pressure,  the  lowering  of  the  vapour-pressure, 
and  the  lowering  of  the  freezing-point  of  the  solvent,  instead  of 
being  proportional  to  the  number  of  molecules  of  the  dissolved 
substance,  are  proportional  to  Ihe  number  oi  dissociated  ions. 

Again,  this  theory  affords  an  explanation  of  the  fact  that  the 
heat  of  neutralisation  of  one  equivalent  of  strong  acids  and  bases 
(in  dilute  solution)  is  practically  a  constant,  namely,  about  13,700 
heat  units  or  calories  (see  page  165).  Now,  in  the  neutralisation 
of,  say,  nitric  acid  by  p<ilassium  hydroxide,  according  lo  Ihe  ionic 
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theory  these  two  reacting  substances  are  in  a  state  of  dissociation 
in  the  dilute  solution ;  moreover,  the  salt,  potassium  nitrate,  result- 
ing from  the  interaction,  will  also  be  dissociated.  The  only  product 
of  the  chemical  action  which  is  not  dissociated  is  the  water,  as  this 
compound  is  a  non-electrolyte  ;  *  hence  the  process  of  neutralisa- 
tion of  this  acid  with  this  base  resolves  itself  into  the  union  of 
H*  ions  with  HCy  ions  to  form  molecules  of  HjO,  as  may  be  seen 
by  the  equation 

H-,NOs'-»-K-,HO'=  K-,N03'-»-HA 

in  which  the  formulae  for  the  dissociated  molecules  are  written  with 
their  ions  separated  by  a  comma.  It  will  be  obvious,  therefore, 
that  the  final  result,  namely,  the  union  of  H*  with  HO',  will  be  the 
same  if  we  substitute  other  strong  acids  or  bases,  thus — 

H-,Cl'-»-Na,HO'=Na-,Cr-»-HA 
H-,H-,S04'-»-K-,HO'=H-,K-,S04'-»-H,0. 

Therefore  the  heat  of  neutralisation  of  dilute  solutions  of  these 
adds  and  bases  is  in  reality  the  heat  of  formation  of  HjO  mole- 
cules by  the  union  of  H'  ions  with  HO'  ions. 

Similarly,  the  ordinary  "reactions"  employed  in  chemical  analysis, 
when  considered  from  the  standpoint  of  the  ionic  theory,  become 
invested  with  a  new  meaning,  and  are  often  rendered  more  intel- 
ligible :  one  or  two  examples  may  be  given.  When  the  metal  tin 
is  precipitated  from  a  solution  of  stannous  chloride  by  means  of 
metallic  zinc,  the  following  ionic  equation  expresses  the  change  : — 

Sn",Cr,Cr  +  Zn  =  Sn  -I-  Zn",Cl',Cr. 

In  other  words,  the  two  unit  charges  of  positive  electricity  have 
been  discharged  by  the  tin  ion,  which  then  ceases  to  be  an  ion, 
but  appears  as  ordinary  metallic  tin,  and  are  transferred  to  the 
metal  zinc,  which  then  ceases  to  be  ordinary  metallic  zinc,  but 
passes  into  the  solution  as  a  zinc  ion. 

Again,  the  tests  for  iron  in  the  ferric  state  are  really  tests  for  the 
ferric  ion  Fe*",  and  tests  for  this  metal  in  the  ferrous  condition  are 

•  Probably  there  is  no  such  thing  as  an  absolutely  perfect  non-electrolyte. 
In  reality  water  itself  undergoes  ionic  dissfx:iation  to  a  very  slight  extent.  It 
has  been  estimated  that  in  ten  million  litres  of  water  there  will  lie  about  one 
gramme-molecule  in  the  ionic  state. 


no 
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tests  for  the  ferrous  ion  Fe".  But  if  a  compound  containing  this 
metal  should  dissociate  in  such  a  manner  as  to  afford  neither 
Fe'-  nor  Fe**  ions,  it  will  be  evident  that  the  usual  reagents  em- 
ployed to  detect  these  ions  will  yield  no  result.  The  salt  potassium 
ferro-cyanide,  K4Fe(CN)j,  is  a  case  in  point  On  solution  this 
compound  dissociates  into  the  ions  K*  and  Fe(CNy%  and  the  iron 
in  this  solution,  therefore,  does  not  respond  to  the  usual  tests  for 
either  ferric  or  ferrous  iron. 


CHAPTER  XII 

CLASSIFICATION  OF  THE  ELEMENTS 

It  has  already  been  mentioned  (page  7),  that  the  elements  may 
be  classified  under  the  two  subdivisions,  fnetals  and  non-metals. 
Further  classifications  have  from  time  to  time  been  in  use,  based 
upon  other  properties,  such,  for  example,  as  the  valency  of  the 
elements. 

Classified  according  to  their  valency,  the  elements  fall  into  six 
subdivisions,  consisting  of  mono-,  di-,  tri-,  tetra-,  penta-,  and  hexa- 
valent  elements.  This  system  of  classification  has  now  largely 
fallen  into  disuse,  owing  partly  to  the  difficulties  arising  out  of  the 
variability  of  valency  so  often  exhibited,  but  more  especially  to  the 
more  recent  development  of  another  system,  known  as  the  natural 
classification  of  the  elements^  or  the  periodic  system^  which  practi- 
cally absorbs  and  includes  the  older  method 

Certain  remarkable  numerical  relations  have  long  been  observed 
to  exist  among  the  atomic  weights  of  elements  that  closely  re- 
semble one  another  in  their  chemical  habits.  In  such  groups  or 
families  it  is  frequently  seen  that  the  atomic  weight  of  one  mem- 
ber is  approximately  the  arithmetic  mean  of  the  atomic  weights  of 
those  immediately  before  and  after  it,  when  they  are  arranged  in 
order  of  their  atomic  weights.  This  will  be  seen  from  the  following 
examples  : — 

Na.  K. 

7±39  ^  23 


39  +  U3  =  85.8 
2 

^1  + 120 
^—J—  =  75.5 
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K. 
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39 
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39 

85 

133 
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As. 

Sh. 

31 

75 
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s. 
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Te. 

32 

77 

125 

2 


78.5 
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If  the  elements  in  these  various  families  are  so  arranged,  ; 
lo  bring  out   the  differences  between   their  atomic   weights, 
Striking  fact  will  be  observed  that  the  increase  in  the  aio 
weights  in  each  group  takes  place  by  practically  the  same  inCre 
ment.     In  the  following  table  the  elements  helongini 
group  are  placed  in  vertical  cohimns,  the  differences  between  t 
various  atomic  weights  being  placed  between  them  :- 


F  =  I9 

N=.4 

0  =  .. 

Na  =  a3 

Mg  =  „ 

DilfcreaCB  .  .6.5 

Diff.      .      17 

iHir.   .    16 

Diff.      .      16 

Diff.      .      t6 

CI  =  35.5 

P  =  3' 

S  =  y 

K  =  39 

C«  =  40   1 

Difference  .  44.5 

Diff.      .      44 

Diff.     .     47 

Diff.    .    46.= 

raff. .  47.ai 

Br  =  So 

As  =  75 

Sc  =  79 

Rh  =  85.3 

Sr  =  e7.3 

Di[r««,ce    .    « 

Diff.      .      45 

Diff.      .      46 

Diff,    .    47.  a 

Diff:  .  45,7 

l  =  i»7 

Sb=IM 

Te  =  T25 

Ca  =  .33 

Eta  =,37 

It  will  be  seen  that  in  each  group  the  difference  between  the  first 
and  second  number  Is  about  16,  while  between  all  the  others  the 
;  in  weight  takes  place  by  a  number  which  approximat 
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This  numerical  relation  between  the  atomic  weights  of  element 
of  the  same  family,  and  between  the  various  groups,  is  obviously 
not  a  chance  one,  and  chemists  were  led  by  il  to  believe  that  the 
properties  of  the  elements  were  in  some  way  related  to  their  atomic 
weights,  Newlands  {1864)  was  the  fir^t  lo  point  out,  that  if  the 
elements  are  tabulated  in  the  order  of  increasing  atomic  weights, 
ihe  properties  belonging  to  each  of  the  first  seven  elements  reap- 
peared in  the  second  seven,  and  he  applied  to  this  relation  the 
name  oi  the  Icnu  of  octaves.  A  more  elaborated  and  systematic 
representation  of  Newlands'  law  of  octaves  was  afterwards  deve- 
loped  by  Mendelejeff  (1869),  and  which  is  now  generally  known  as 
Mendelejeff's  periodic  Liw.  At  the  present  time,  owing  lo  the 
recent  discovery  of  the  argon  family  of  elements,  tl  is  not  until 
eight  elements  have  been  traversed  that  the  properties  of  the  first 
reappear ;  the  term  "  octaves "  is  therefore  no  longer  strictly 
applicable.* 

•  Utiles*,  infieed,  wc  alralcli  the  musical  simile  sornewhal  and  look  uixiii 
tlitsc  6re  inert  gasis  as  "  awidentals," 
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If  the  sixteen  elements  with  lowest  atomic  weights,  after 
hydrogen,  be  arranged  in  order  of  increasing  atomic  weights  in 
two  horizontal  rows  of  eight,  some  of  these  relations  will  be 
recognised — 

He=4     Li  =7   Be  =9    B  =11  C  =  i2  N  =  i4  0«-i6  F  =  i9. 
Ne=20  Na=23  Mg=24  Al  =  27  Si=28  P  =  3i  8=32  €1  =  35.5. 

In  traversing  the  upper  row  from  helium  to  fluorine,  tve  meet  with 
certain  characteristic  properties  belonging  to  each  member,  and 
also  a  certain  gradation  in  those  properties  that  are  common. 
Coming  to  the  second  row,  many  of  the  characteristic  properties 
of  the  members  of  the  first  row  again  appear,  and  the  same  regular 
modulation  is  met  with  in  passing  along  the  series :  thus  helium 
exhibits  a  likeness  to  neon,  lithium  resembles  sodium,  carbon 
corresponds  to  silicon,  fluorine  to  chlorine,  and  so  on.  These 
resemblances  are  seen  both  in  the  physical  as  well  as  thb  chemical 
properties  of  the  elements,  thus  lithium  and  sodium  are  both  soil 
white  metals,  and  are  strongly  electro-positive.  Fluorine  and 
chlorine  are  both  pungent  corrosive  gases,  and  are  intensely  electro- 
negative ;  while  helium  and  neon  are  neither  electro-positive  nor 
electro-negative,  have  no  chemical  properties  whatever,  and 
therefore  no  valency.  Taking  their  power  of  combining  with 
chlorine  and  with  hydrogen  as  indicative  of  their  valency,  we  see 
that  the  change  in  this  respect,  as  the  two  series  are  traversed,  is 
the  same  in  each,  thus — 

LiCl      BeCl,     BCI3         CCI4    CH4     NHs    OHj    FH. 
NaCl     MgCl,    (AlC^jj    SiCl^    SiH4     PH3     SH,     CIH. 

The  gradation  in  properties  exhibited  by  the  elements  in  a  scries 
is  also  seen  in  their  power  of  combining  with  oxygen,  which  will 
be  more  clearly  brought  out  if  the  formulae  of  the  compounds  be 
so  written  as  to  indicate  the  relative  proportions  of  oxygen  with 
iHiich  two  atoms  of  each  element  unites,  thus — 

Nap*  (Mg,0^    AljjOg    (Si A)    P2O6    (8,0^)    Cl^O^i 
MgO  SiOj  SO3 

Regarding,  then,  the  eight  elements  of  the  first  row  as  vl  period,  we 
find  that  the  various  properties  exhibited  by  the  several  members 
are  met  with  again  in  those  of  the  second  period. 

*  See  footnote  on  page  529. 

t  Perchloric  oxide  is  not  known  in  the  frte  s\a\e. 
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Not  only  do  the  properiies  of  ilie  elemcnis  themselves  reappear, 
but  also  those  possessed  by  the  various  compounds  they  form  :  thus 
lithium  chloride  (LiCl)  and  sodium  chloride  (NaCl)  strongly  re- 
semble one  another.  The  oxides  of  beryllium  and  magnesium 
(BeO  and  MgO)  liave  similar  properties.  The  compounds  of  fluo- 
rine and  chlorine  with  hydrogen  (HF  and  HCl)  closely  resemble 
each  other,  and  so  on. 

This  periodicreappearanceof  similar  properties,  exhibited  by  the 
elements  and  their  compounds  as  the  atomic  weights  of  the  former 
gradually  increase,  is  thus  staled  by  Mendelejeff  in  his  law  of 
periodicity.  The  properlus  of  the  eleincnlSt  as  well  as  the  proper- 
ties of  their  compounds.,  form  a  periodic  Junction  of  the  atomic 
weights  of  the  elements. 

When  the  tabulation  of  the  elements  according  to  this  system  is 
continued  (after  the  completion  of  the  second  period  with  chlorine), 
it  will  be  seen  that,  beginning  with  ai^on,  eighteen  elements  have 
to  be  arranged  before  we  meet  with  the  reappearance  of  those  pro- 
perties that  belong  to  the  first  ;  that  is  to  say,  there  are  two 
"  octaves,"  one  containing  eight  members  like  the  former  ones,  and 
one  containing  seven,  and  three  elements  over,  which  in  the  follow- 
ing table  are  placed  within  brackets  : — 


Mn.       (Fe.         Co.        Ni.) 

55       (S6       59       59) 


63. 5        6S 


70 


73 


75 


79 


This  constitutes  what  is  known  as  a  long  period,  in  contradis- 
tinction to  the  two  first,  which  are  distinguished  as  short  periods. 
In  certain  respects,  however,  the  last  seven  elements  in  this  long 
period  exhibit  resemblances  to  the  seven  in  the  first  portion  (count- 
ing after  the  first  element,  argon) ;  that  is  to  say,  the  properiies 
displayed  by  the  members  of  the  first  period,  which  is  known  as 
the  typical  period,  reappear  twice  over  in  the  long  period.  The 
three  elements  within  the  brackets  are  termed  by  MendelejefT 
transitional  elements.  Continuing  the  arrangement  fiom  bromine, 
another  long  period  occurs,  again  containing  three  transitional 
elements ; — 


*  It  wQ]  be  noticed  ihal  ihe  e 
though,  accoriling  lo  the  a 
though  Ihey  should  be  in  Ihe  n 


emenl  jugon.  A,  a  placed  betora  potOMium.  K. 
omic  weights  here  given,  it  would  appear  as 
ferae  order.     This  will  be  discuued  later. 
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Kr.       RK         Sr.  Y.  Zr.         Nb.       Mo.      —  (Ru.  Rh.  Pd.) 

82      85      87.6      89      9a7      94      96       ?      (101.7      103      106) 

Ag.     Cd.     In.     Sn.     Sb.      Te.       I. 
108     112     114     118     120     125?     127 

It  will  be  seen  that  a  gap  is  left  where  the  eighth  member  of 
the  first  part  of  this  period  should  be,  an  element  which  would 
correspond,  in  this  period,  with  manganese  in  the  period  above. 
This  element  is  at  present  unknown.  The  remaining  elements 
belong  to  three  other  long  periods,  in  which,  however,  the  number 
of  gaps  is  very  considerable,  thus — 

X.    Cfc     Ba.     La.Ce.   —   —   —   (—   —   — ) 
120    133    137    138   140 


-  —    Yb.     —     T«.    W.   —   (Ofc     Ir.     Pt.) 

173  183   184      (191    193    195) 

Au.     Hg.      TL      Pb.      nU     —      — 
197    200     204    207    207.5 

—  —     —     Th.   -    Ur.   —    (  —     —    —  ) 

232       239.5 


Those  elements  that  fall  in  the  first  eight  places  of  the  long 
periods  are  termed  the  ezten  series^  while  the  last  seven  are  dis- 
tinguished as  the  odd  series;  arranging  them,  therefore,  in  such  a 
manner  as  to  bring  the  odd  and  even  series  into  columns,  we  get 
the  table  on  page  117. 

In  this  manner  the  elements  are  arranged  in  nine  groups. 
The  first  of  these  groups  contains  the  so-called  "  inert  gases  *' — 
the  five  new  elements  of  recent  discover)',  which  take  their  place 
rather  outside  this  classification  scheme,  regarding  it  from  a  purely 
chemical  standpoint.  And  as  the  system  of  numbering  the  groups 
of  elements  in  this  periodic  arrangement  has  become  familiarised 
by  long  use,  this  group  containing  the  "  inert  gases  *'  has  been 
numbered  Group  O,  and  the  systematic  numbering  of  the  other 
groups  begins  as  usual.  The  last  group  contains  the  transitional 
elements  that  come  between  the  even  and  odd  series  of  the  long 
periods. 

In  each  of  the  remaining  seven  groups,  the  elements  belonging 


ti6 


Introductory  Outlines 


to  Ihc  even  series  of  their  respective  long  periods,  are  placed  to  the 
left,  while  those  belonging  to  the  odd  series  are  arranged  on  the 
right-hand  side  of  each  vertical  column.  In  this  way  the  groups  are 
divided  into  the  subdivisions  A  and  B,  in  which  the  resemblance 
between  the  members  is  most  pronounced.  Thus  in  Group  II., 
although  there  are  certain  properties  common  to  all  the  members, 
there  is  a  much  closer  similarity  existing  between  the  elements 
calcium,  strontium,  and  barium  than  between  zinc  and  calcium,  or 
cadmium  and  barium.*  The  elements  in  the  two  short  periods 
have  been  placed  in  that  subdivision  or  fomily  with  the  members 
of  which  they  exhibit  the  closest  resemblance.  Thus,  in  Group  I. 
lithium  and  sodium  are  more  allied  to  potassium,  nibldiuin,  and 
caesium,  than  to  copper,  silver,  and  gold  ;  while  in  Group  VII. 
fluorine  and  chlorine  are  placed  in  ihe  same  family  with  bromine 
and  iodine,  with  which  they  enhibii  a  close  similarity. 

In  the  eighth  group,  containing  the  transitional  elements,  the 
families  consist  of  the  horizontal  and  not  the  vertical  rows  ;  that  is 
to  say,  the  closest  resemblance  is  between  [he  three  transitional 
eletnents  in  each  series,  elements  whose  atomic  weights,  instead  of 
exhibiting  a  regular  increase,  as  in  the  other  families,  have  almost 
the  same  value,  such  as  Fe  =  56  i  Co  =  59  ;  Ni  =  59. 

A  glance  at  the  table  shows  that  in  the  last  three  long  periods 
■here  is  a  large  number  of  gaps,  It  is  possible  that  these  gaps 
may  represent  elements  which  yet  await  discovery.  This  supposi- 
tion gains  considerable  support  from  the  fact,  that  at  ihc  lime 
Mtndelejeff  first  formulated  the  periodic  law,  there  were  three  such 
g.ips  in  the  first  long  period,  which  have  since  been  filled  up  by  the 
subsequent  discovery  of  three  new  elements  ;  these  will  be  referred 
to  later. 

The  periodic  recurrence  of  some  of  the  chemical  properiies 
is  indicated  in  the  lowest  horizontal  column,  where  Ihc  general 
formulic  of  the  oxygen  compounds  and  the  hydrides  are  given  ;  R 
standing  for  one  atom  of  any  element  in  the  group.  As  expbined 
on  page  1 1 3,  these  formulse  are  so  written  as  lo  show  the  relative 
amount  of  oxygen  lo  two  atoms  of  element,  in  order  to  establish 
the  true  relation  between  the  different  groups.     For  example,  the 

•  This,  however,  is  by  no  means  unifonnlylhe  case;  Ihus  IlieelemenI  copper 
(Group  1.)  in  many  of  its  chemical  ntlnbutes  is  much  more  closely  allied  10 
meronry  (Group  II.)  than  to  silver;  and  silver,  again,  more  strongly  lesemtilpi 
thallium  (Gnnip  III.)  ihun  either  copper  or  gold,  with  whicli 
in  this  synaa  of  claisificuiion. 
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oitidesof  the  elements  of  Group  I.  contain  two  atoms  of  the  element 
to  oncof  onygen,  as  I-ijO  ;  bui  those  of  the  second  group  only  con- 
tain one  atom  of  the  clement,  as  CaO  :  hence  the  general  formula 
is  doubled,  RjOr  '^  "''1  ^  seen,  therefore,  that  the  proportion  of 
oxygen  relative  to  two  atoms  of  the  element  regularly  increases 
from  the  first  group  to  the  eighth.  The  oxides  of  the  members  of 
Group  I.  are  strongly  basic  in  character,  and  in  general  this  basic 
nature  g'radually  diminishes  as  we  traverse  the  series,  giving  place 
to  acidic  characteristics,  which  are  strongly  marked  in  the  seventh 
group. 

The  periodic  reappearance  of  the  physical  properties  of  Ihe 
elements  is  seen  in  such  points  as  their  electrical  characters,  their 
malleability,  ductility,  melting-points,  &c.,  all  of  which  are  in 
harmony  with  the  periodic  law  ;  but  in  none  is  it  more  strikingly 
seen  than  in  their  atomic  volumes  in  the  solid  state.  The  alomic 
volumes  of  the  elements  are  the  relative  volumes  occupied  by 
quantities  proportional  to  their  atomic  weights,  or  by  gramme- 
atoms  ;  and  they  are  obtained  by  di\'iding  the  atomic  weights  of 
ihc  eiemenls  by  their  specific  gravities.  In  the  case  of  gases,  as 
has  been  already  explained  on  page  40,  the  specific  gravity  is 
the  density  referred  to  hydrogen  as  the  unit  :  the  alomic  volum^ji 
therefore,  of  such  a  gas  as  oxygen  is — 


^  "  alomic  weight  _ 
16  =  density 


1 


The  specific  gravities  of  solids  (and  also  liquids)  arc  referred  to 
water  as  the  unit,  and  as  1  cubic  centimetre  of  water  weighs 
I  gramme,  the  specific  gravity  of  a  solid  or  liquid  expresses  the 
weight  in  grammes  of  1  cubic  cenlimetre  of  the  substance.  Dividing 
the  atomic  weight, expressed  in  grammes,  by  the  weight  in  grammes 
of  I  cubic  centimetre  {J.e,  the  specific  gravity),  Ihe  atomic  volume 
will  be  represented  in  cubic  centimetres.  It  must  be  remembered 
that  [he  alomic  volumes  do  not  express  the  relative  volumes  that 
are  actually  occupied  by  the  atoms,  they  represent  in  reality  the 
relative  volume  of  the  atoms  plus  the  unknown  volumes  of  the 
spaces  that  separate  them. 

The  following  table  gives  the  specific  gravities  and  the  calculated 
atomic  volumes  of  the  first  and  the  middle  elements  of  the  two 
short  and  two  long  periods,  not  counting  Ihe  group  of  "inert" 
elements : — 
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cSSiy. 

W^H 

VoluS^ 

..Periodic-:    :    :    :    :    ; 
"-p-^^^Jor;    ;    :    ;    ;    ; 

3rfPe*x"    Iron  (Coball-Nickd)      .        ,        . 

3-0 
0.97 

7-79 

7 

i 

133 

II.9 

i% 

4S 

70 

From  the  figures  in  the  last  column  it  will  be  seen,  that  beginning 
irith  lithium,  1 1.9,  the  atomic  volume  falls  as  the  middle  element  of 
the  period,  namely,  carbon,  is  reached  ;  after  which  it  again  rises 
and  reaches  a  maximum  with  the  first  member  of  the  second  period, 
namely,  sodium.  In  this  period  the  same  gmdual  &I1  in  atomic 
volume  is  again  noticed  until  the  middle  element  (silicon)  is 
reached,  when  the  value  of  this  function  of  the  elements  once  more 
rises,  and  a  second  maximum  is  attained  with  the  first  member 
(potassium)  of  the  third  period.  The  two  next  are  long  periods,  and 
the  at<»iiic  volumes  steadily  decrease  until  the  middle  three  (transi- 
tional) elements,  after  which  they  gradually  increase  again  to  a 
maximimi  in  rubidium,  the  starting-point  of  the  fourth  period.  In 
the  fourth  period  the  same  thing  once  more  cx:curs,  the  minimum 
atomic  volumes  being  those  of  the  middle  or  transition  elements, 
after  which  a  maximum  is  again  reached  in  caesium. 

This  periodicity  of  the  atomic  volumes  may  be  graphically 
represented  by  a  curve,  where  the  ordinates  represent  atomic 
vnlumes  and  the  abscissx  atomic  weights.  This  curve,  which  was 
first  constructed  by  Lothar  Meyer,  is  known  as  Lothar  Meyer's 
curve  (page  no),  and  a  comparison  of  it  with  MendelejefTs  table 

The  divisions  indicated  by  the  Roman  numerals  correspond  to 
the  difTerent periods:  Croups  Land  II.  being  the  two  short  periods, 
III.  and  IV.  the  two  complete  long  periods,  while  V.,  VI,,  and 
VII.  cotresftond  to  the  fragmentary  portions  of  the  last  three 

The  transitional  elements  of  periods  III.,  IV.,  and  VI.  are  all  to 
be  found  at  the  minima  of  the  lai^e  hollows  ;  separating  the  even 
•eries  (situated  on  the  descending  portion  of  the  curve)  from  the 
odd  wries  which  lie  on  the  ascending  slope.     The  elements  belong- 
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ing  to  the  difTerent  groups  in  MendelejefTs  tabic  are  seen  to  occupy 
the  same  relative  positions  upon  the  different  portions  of  this  curve. 

Thus  in  Group  I.  the  elements  Li,  Na,  K,  Rb^  Cs,  are  all  found 
upon  the  maxima  of  the  curve,  and  Cu,  Ag,  and  Au  at  those  points 
at  the  minima  where  the  electro-negative  properties  reappear.  The 
halogen  elements  (chlorine,  bromine,  iodine)  are  seen  in  similar 
positions  upon  the  ascending,  and  the  alkaline  earths  (beryUium, 
magnesium,  calcium,  strontium,  barium)  on  the  descending 
portions. 

When  the  periodic  law  was  first  formulated  by  McndelejeflT 
(1869X  there  were  a  number  of  instances  in  which  the  system  did 
not  harmonise  with  the  then  accepted  atomic  weights  of  the 
elements.  The  discoverer  boldly  asserted  that  the  atomic  weights, 
and  not  the  system,  were  at  fault,  and  in  almost  every  such  case 
the  careful  reinvestigation  of  the  atomic  weights  by  numerous 
chemists  has  proved  the  correctness  of  the  assertion.  One  or  two 
instances  may  be  quoted.  The  element  indium  had  assigned  to  it 
the  atomic  weight  76.  Its  combining  proportion  is  38,  and  being 
regarded  as  a  divalent  element,  its  oxide  was  believed  to  have 
the  formula  InO.  Having  an  atomic  weight  «=  76,  indium  would 
occupy  a  place  between  As  «■  75  and  Se  =■  79*;  but  in  the  system 
(see  table  on  page  117)  there  is  no  room  for  an  element  with  such 
an  atomic  weight ;  and,  moreover,  if  indium  be  a  divalent  element 
having  this  atomic  weight,  it  should  come  between  Zn  =  65  and 
Sr  =  87  in  (Iroup  11.,  where  again  there  is  no  room.  Mendelejeff 
made  the  assumption  that  the  oxide  of  indium  had  the  formula 
In^Oj,  believing  the  element  to  be  an  analogue  of  aluminium 
(Group  III.).  If  this  be  the  true  composition  of  the  oxide,  the 
atomic  weight  of  the  element  would  be  38  x  3  =  11 4,  and  indium 
would  then  take  its  place  in  Group  111.,  between  the  elements 
cadmium  »  1 12  and  Sn  =»  1 18,  in  the  odd  series  of  the  second  long 
period.  Bunsen  afterwards  determined  the  specific  heat  of  indium 
by  means  of  his  ice  calorimeter,  and  found  it  to  be  0.057  : — 

Mean  atomic  heat     6.4        , ,«  -,      «,*««^;^  ....,.w»u»  1^^^  ««.,«  .•^\ 
Specific  heat    .    .  ^^y^"  "2-3  =  atomic  we.ght  (see  page  47). 

Hence  114  and  not  76  is  the  accepted  (approximate)  atomic  weight 
of  indium. 

Again,  the  element  beryllium  (formerly  known  as  glucinum)  has 
a  combining  proportion  of  4.6.  Its  chloride  was  believed  to  have 
the  cxsicaposiUon  I3eCij^  and  its  oxide  to  be  a  ses(\u\OYAd^  \aNvcv% 
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the  formula  Be^Oj.  The  atomic  weight  assigned  to  the  element, 
therefore,  was  tj.S. 

With  this  atomic  weight  beryllium  would  take  its  place  between 
carbon  =  ii  and  nitrogen  =  \\  \  but  according  to  the  periodic 
class!  Heal  ion  there  is  no  room  for  such  an  element,  and,  moreover, 
in  such  a  position  it  would  be  among  elements  with  which  it  has 
no  properties  in  common.  On  the  supposition  that  the  oxide  of 
beryllium  has  the  formula  BeO,  that  is,  that  the  element  is  divalent, 
its  atomic  weight  wouid  have  to  be  lowered  from  13.8  to  g.i  in 
order  to  maintain  the  same  ratio  between  the  weights  of  metal  and 
oxygen  in  the  compound.  On  this  assumption,  beryllium  would 
fail  into  the  second  place  in  the  first  series,  between  lithium  =  7 
and  boron  =  i  r,  and  in  the  same  group  as  magnesium  and  linc. 

When  the  specific  heat  of  beryllium  was  determined,  it  gave  the 
value  0.45,  and  this  number  divided  into  the  atomic  heat  constant, 
5.4,  gave  14  as  the  atomic  weight.  In  spite  of  tliis  evidence  in 
favour  of  the  higher  value  as  the  atomic  weight  of  beryllium, 
Mendelejeff  still  regarded  the  lower  number  as  correct,  and  it 
was  suggested  that  possibly  beryllium,  like  carbon  and  boron 
(elements  also  of  very  low  atomic  weight),  had  an  abnormally 
low  specific  heat  at  ordinary  temperatures.  This  was  found  to  be 
the  case  (see  page  48),  and  at  5°°°  the  specific  heat  of  beryllium 
was  found  to  be  0.6206,  TTiis  divided  into  6.4  gives  the  value  10 
as  the  atomic  weight,  which  indicates  that  9.1  and  not  13.8  is  in 
reality  the  atomic  weight  of  beryllium. 

Not  only  has  the  periodic  law  1>een  of  service  in  bringing  about 
the  correction  of  a  number  of  doubtful  atomic  weights,  but  by 
means  of  it  its  originator  was  enabled  to  predict  with  considerable 
certainty  thf  existence  of  hitherto  undiscovered  elements,  and 
even  to  predicate  many  of  the  properties  of  these  elements.  As 
already  mentioned,  at  the  lime  when  the  periodic  law  was  first 
formulated,  there  were  three  gaps  in  the  system  in  the  first  long 
period,  namely,  No.  4  in  the  even  series  (now  occupied  by  scandium), 
and  Nos.  3  and  4  in  the  odd  series  (now  filled  by  gallium  and 
germanium).  To  the  unknown  elements  which  were  destined  to 
occupy  these  positions,  Mendelejeff  gave  the  names  eka-boron^ 
eka-aluminium,  and  eka-silicon  (the  prefix  eka  being  the  Sanscrit 
numeral  one),  and  from  the  known  properties  of  the  neighbouring 
elements  of  the  series  (horiiontal  rows  in  the  table,  page  117),  and 
also  of  those  situated  nearest  in  the  same  family  (vertical  columns), 
he  predicted  some  of  the  prominent  properties  that  would  pro- 
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bably  be  possessed  by  these  elements.  Thus  in  the  case  of  eka- 
aluminium,  from  the  known  properties  of  aluminium  and  indium, 
the  neighbouring  elements  in  the  same  family,  and  from  zinc,  the 
contiguous  element  in  the  same  series  (the  4th  place  in  the  series 
being  unoccupied),  MendelejefT  deduced  the  following  properties 
for  the  unknown  element  that  he  called  eka-aluminiimi : — 

Predicted  Properties  of  £ka-Aluminium  (1871). 

(i.)  Should  have  an  atomic  weight  about  69. 

(2.)  Will  have  a  low  melting-point. 

(3.)  Its  specific  gravity  should  be  about  5.9. 

(4.}  Will  not  be  acted  upon  by  the  air. 

(5.)  Will  decompose  water  at  a  red  heat. 

(6.)  Will  give  an  oxide  Elfi^  a  chloride  Elfi\y  and  sulphate 

(7.)  Will  form  a  potassium  alum,  which  will  probably  be  more 
soluble  and  less  easily  crystallisable  than  the  corresponding  alumi- 
nium alum. 

(8.)  The  oxide  should  be  more  easily  reducible  to  the  metal  than 
alumina.  The  metal  will  probably  be  more  volatile  than  alumi- 
nium, and  therefore  its  discovery  by  means  of  the  spectroscope 
may  be  expected. 

In  the  year  1875  Lecoq  de  Boisbaudran  discovered  a  new 
element  in  a  certain  specimen  of  zinc  blende  (zinc  sulphide),  the 
individuality  of  which  he  first  recognised  by  the  spectroscope, 
the  spectrum  being  characterised  by  a  brilliant  violet  line.  This 
element  he  named  gallium.  The  properties  of  this  metal,  as  they 
were  subsequently  observed,  showed  that  it  was,  in  fact,  the  pre- 
dicted eka-aluminium  of  MendelejefT,  as  will  at  once  be  seen  by  a 
comparison  of  the  following  facts. 

Properties  of  Gallium  {discovered  1875). 

(i.)  Atomic  weight =69.9. 
(2.)  Melting-point,  3a  15". 
(3.)  Specific  gravity,  5.93. 
(4.)  Only  slightly  oxidised  at  a  red  heat 
(5.)  Decomposes  water  at  high  temperatures. 
(6.)  Gallium  oxide,  Ga203.    Gallium  chloride,  Ga^CI^     Gallium 
sulphate,  Ga2(S04)3. 
(7.)  Forms  a  well-defined  alum. 
(8.)  Is  easily  obtained  by  the  electrolysis  of  alkaline  solutions. 
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In  a  similar  manner  the  properties  uf  eta-boron  and  eta-silit 
were  predicted,  and  the  subsequent  discovery  of  scandium  (Nilsoiy 
l8?9),  and  germanium  (Winkler,  1886),  whose  properli 
faund  to  closely  accord  with  these  hypothetical  elements,  lurmed 
an  additional  demonstration  of  the  truth  of  the  periodic  law. 

There  are  at  present  two  elements,  however,  which  appear  not 
lo  conform  strictly  to  this  periodic  classification.    These  are  the 
elements  argon  and  tellurium.      The  atomic  weight  of  argon 
according  to  most  recent  determination  is  39.91,  while  tliai  of 
potassium  is  39.15.     Now  the  periodic  system  requires  that   ihe 
atomic  weight  of  argon   shall   be  beloiv   and   not   above   that   1 
potassium.     Again,  the  latest  determinations  of  the  atomic  weigl 
of  tellurium  give  117.6,  as  against  116.85  ^^r  iodine  j  while  i 
order  to  conform  lo  the  periodic  system  the  atomic  weight  > 
tellurium  should  be  btlow  that  of  iodine.    Wliether  these  1» 
cases  will  prove  to  be  true  exceptions,  or  whether  future  investigi 
lions  will  show  that  the  atomic  weights  here  given  are   not  the 
(rue  ones,  time  alone  will  show.     It  must  be  borne  in  mind,  how- 
ever, that  both  argon   and  tellurium   are   elements   which   it   is 
extremely  diflicult  to  obtain  in  3  state  of  absolute  piirity.  and  there 
Is  considerable  probability  that  in  the  latter  case  Ihe  element  in  a 
pore  state  has  never  yet  been  obtained. 

The  position  which  should  be  given  to  hydrogen  in  the  periodic 
system  has  been  the  subject  of  much  discussion.  It  will  be 
noticed  that  in  the  table  it  is  placed  with  a  query  In  Group  I.  and 
again  in  Group  VIl.  ;  its  univalent  character  suiting  cither  position 
equally  well.  The  chief  argument  in  favour  of  placing  it  in 
Croup  I.  is  its  tUctro-positivc  character,  in  which  it  strongly  re- 
sembles (he  elements  lithium,  sodium,  potassium,  &c.,  metals 
which  n\ay  be  substituted  for  hydrogen  atom  for  atom  ;  the 
"salts  of  hydrogen " (i.e.  oiYalr), and  the  metallic  salts  resembling 
each  other  when  regarded  from.the  ionic  standpoint. 

The  arguments  in  favour  of  assigning  it  a  position  at  the  headi 
of  Group  VI 1.  are  more  numerous,  and  may  be  briefly  si 
as  follows:—* 

t.   Its  gaseous  character  and  low  boiling-point. 

2.  Absence  of  any  metallic  properties. 

3,  The  diatomic  nature  of  its  molecules  Hj  (while  many  of  tl 
alkali  meiali<  are  mon atomic). 

■  MissoH,  Chcm.  a™j,  vuL  buiii..  p,  283. 
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4.  Readiness  with  which  H  is  substituted  by  CI,  Br,  or  I,  in 
organic  compounds. 

5.  If  placed  in  Group  I.  a  series  of  six  blank  spaces  is  left,  for 
as  many  unknown  elements,  whose  atomic  weights  must  all  fall 
between  H=>i  and  He =3.96. 

6.  The  numerical  difference  between  H»i  and  F=i9  is  18 
units,  which  is  much  closer  to  the  average  of  about  16  units  than 
that  between  H  =  i  and  Li  =  7,  which  is  only  6  units. 


CHAPTER  XIII 
GENERAL    PROPERTIES  OF  LIQUIDS 
Under  this  head  the  followiag  subjects  will  be  considered  :- 

1.  The  passage  of  liquids  into  vapours  or  gases. 

2.  T^c  passage  of  liquids  into  solids. 

3.  Solution. 

I.  The  Passage  of  Liquids  Into  Oases.  Evaporation  and 
Boilln?. — Just  as  in  the  gaseous  condition,  so  in  the  liquid  stale, 
the  molecules  are  in  a.  state  of  motion  :  in  the  liquid  state,  however, 
the  mean  kinetic  energy  of  the  molecules  is  unable  to  overcome  the 
force  of  their  mutual  attraction.  Some  of  the  molecules  have  a 
smaller  kinetic  energy  (that  is,  a  lower  temperature),  and  others 
a  greater  kinetic  energy,  than  the  average ;  and  when  in  (he  course 
of  their  movements  the  latter  strike  the  surface  of  the  liquid  and 
break  through  it,  they  continue  their  movements  in  itie  space 
above,  as  gaseous  molecules.  If  the  space  into  which  they  wander 
be  unlimited,  that  is,  if  the  liquid  be  freely  exposed  to  the  air,  these 
molecules  escajie  away  altogether,  and  consequently  the  liquid 
diminishes  in  quantity.  This  process  is  known  as  evt^oration^ 
and  as  the  molecules  which  so  leave  the  liquid  arc  those  having 
the  highest  temperature,  it  follows  that  the  lenip)erature  of  the 
liquid,  which  is  ihe  avemge  temperature  of  the  molecules,  will  fall. 
The  more  completely  the  molecules  that  so  escape  from  the  surface 
of  a  liquid  are  prevented  from  falling  back,  that  is,  the  more  rapidly 
they  are  swept  away  from  the  immediate  neighbourhood  of  the 
liquid,  the  more  quickly  will  this  escape  of  molecules  lake  place, 
and  therefore  the  greater  will  be  the  fall  of  temperature  that  results 
from  evaporation.  Thus,  if  a  quantity  of  liquid,  say  water,  1» 
exposed  in  a  dish  so  that  a  current  of  air  is  blown  across  the  sur- 
face, the  rate  of  evaporation  is  increased,  and  the  temperature  con- 
sequently falls  lower  than  if  the  water  be  merely  placed  in  a  still 
atmosphere  ;  similarly,  if  the  water  he  placed  in  a  vacuum  the  rata 
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of  evaporation  is  increaKd,  because  the  molecules  that  escape  from 
the  sur&ce  of  the  liquid  are  not  impeded  in  their  motions  by 
collisions  with  the  molecules  of  air. 

This  lall  of  temperature  resulting  from  evaporation  may  be 
readily  seen  by  enveloping  the  bulb  of  a  thermometer  in  a  piece  of 
thin  mtulin,  and  moistening  it  with  water.  If  such  a  thermometer 
be  placed  by  the  side  of  a  naked  thermometer,  it  will  be  seen  that 
the  mercury  will  fall  lower  in  the  one  that  is  moistened,  and  the 
difference  will  be  still  more 
maiked  if  the  instruments 
are  placed  in  a  draught, 
whereby  the  evaporation  of 
the  water  from  the  muslin 
is  accelerated. 

If  the  space  above  the 
liquid  be  limited,  molecules 
still  continue  to  escape 
from  the  surface  ;  bat  a 
state  of  equilibrium  is  soon 
established,  when  as  many 
arc  thrown  back  again  by 
rebounding  from  one  an- 
other and  from  the  walls 
of  the  containing  vessel  as 
leave  the  sur&ce  in  a  given 
time.  Under  these  con- 
ditions the  enclosed  space 
is  said  to  be  iaiuratedwitk 
tlu  vapour  of  the  liquid. 
The  number  of  molecules 
which  escape  from  the  sur- 
face depends  upon  the  tem- 
perature, and  is  independent  of  the  pressure,  for  if  the  volume 
of  a  saturated  vapour  be  forcibly  diminished,  it  merely  results 
in  the  condensation  of  a  portion  of  the  vapour  ;  and  if  ex- 
panded, a  corresponding  vaporisation  of  an  additional  quantity 
of  the  liquid,  the  pressure  remaining  always  constant.  The  num- 
ber of  molecules  that  re-enter  the  liquid  is  determined  by  the 
number  and  the  velocity  of  those  that  exist  as  gaseous  molecules 
in  a  unit  volume.  But  the  pressure  exerted  by  a  gas  is  caused  by 
the  number  and  velocity  of  the  molecules  in  a  given  volume,  hence 
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ihe  conditinn  of  cqiiilibriiim  is  sel  up,  when  the  vapour  above  the 
liquid  euerts  a  definite  pressure,  which  pressure  will  be  constanl 
for  any  given  temperature.  The  pressure  exerted  by  a  vapour 
under  these  conditions  is  tertned  the  vapour-tension  of  the  liquid. 
The  feet  that  the  vapour  given  off  from  a  liquid  exerts  pressure 
may  readily  be  experimentally  illustrated  by  means  of  the  apparatus 
seen  in  Fig.  13.  Three  glass  tubes.  A,  B,  and  c,  about  one  metre 
long,  are  completely  tilled  with  mercury  and  inverted  in  a  trough 
of  the  same  liquid.  The  mercury  will  sink  to  the  same  level 
each  tube,  the  length  of  the  mercury  column  representing  I 
atmospheric  pressure  at  the  lime.  Into  two  of  these  barometer 
lubes,  B  and  C,  a  few  drops  of  water  are  introduced,  when  it  will  txi. 
found  that  the  mercury  is  depressed,  as  indicated  in  B,  below  tM/ 
level  at  which  it  previously  stood.  This  depression  of  the  mercury' 
column  represents  the  tension  of  the  vapour  of  the  water  for  tbfi' 
particular  temperature  at  which  Ihe  experiment  is  made.  If  tubsj 
C  be  surrounded  by  a  wider  glass  lube,  through  which  steam  from 
a  small  boiler  is  passed,  it  will  be  noticed  that  as  the  temperature 
of  the  water  in  the  tube  rises,  the  mercury  is  more  and  more  de- 
pressed, thus  showing  that  the  tension  of  the  vapour  inrreases  with 
rise  of  temperature.  As  soon  as  the  steam  circulates  freely  and  is 
escaping  at  the  bottom  of  the  wide  lube,  in  other  words,  as  soon 
as  the  temperature  of  tlie  enclosed  water  in  lube  c  reaches  100°, 
i.e.  the  temperature  of  the  steam  surrounding  it,  the  mercury  in 
the  tube  will  be  depressed  to  the  level  of  that  in  the  trough.  The 
tension  of  the  vapour  wiihin  the  tube,  imder  these  circumstances, 
is  therefore  equal  to  the  atmospheric  ptessui*. 

If,  instead  of  introducing  water  into  the  barometer  tube,  ether 
were  employed,  and  a  stream  of  vapour  from  boiling  ether  were 
passed  through  the  outer  tube,  it  would  be  seen  that  when  the  elher 
within  the  lube  reached  the  temperature  of  the  vapour  from  the 
boiling  ether,  namely.  35°,  the  mercury  would  again  be  depressed 
to  (he  level  of  that  in  the  trough  ;  that  is,  the  tension  of  the  ether 
vapour  would  then  be  equal  to  the  pressure  of  the  atmosphere.  We 
sec,  ihenefore,  that  when  walcr  is  heated  to  its  boiling-point,  vi;., 
100°,  the  tension  of  its  vapour  is  equal  to  the  atmospheric  pressure  ; 
and  when  ether  is  heated  to  its  boiling-point,  vii.,  3;°,  the  pressure 
exerted  by  its  vapour  is  equal  to  the  pressure  of  the  atmosphere. 
The  boiling-point  of  a  liquid  may  therefore  be  dc6ned  as  Ihf 
temperature  at  which  the  vapottr-pressurt  is  equal  to  the  pressure 
ef  Ihe  atmosphrrf.    As  soon  aa  this  point  is  passed,  the  kinetic 
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energy  of  the  molecules  has  been  so  much  augmented  by  the 
supply  of  external  heat,  that  it  is  able  to  overcome  the  force  of 
their  mutual  attractions,  and,  consequently,  the  molecules  freely 
pass  away  from  the  surface  of  the  liquid. 

As  will  be  seen  from  the  illustrations  given,  namely,  water  and 
ether,  the  temperatures  at  which  the  vapours  of  different  liquids 
exert  a  pressure  equal  to  that  of  the  atmosphere  are  widely  different. 
This  fact  will  be  still  more  evident  from  the  following  table,  giving 
the  temperatures  at  which  the  vapour  pressure  of  various  liquids  is 
equal  to  the  standard  atmospheric  pressure 


Liquid  hydrogen 
Liquid  oxygen  . 
Liquid  nitrous  oxide 
Liquid  sulphur  dioxide 
Ethyl  chloride  . 
Carbon  disulphide    . 
Water 
Aniline 
Mercury   . 


-253' 
-i82.5' 

-  89.8* 

-  10" 

47* 

100'' 

182* 


Since  the  boiling-point  of  a  liquid  is  that  temperature  at  which 
its  vapour-tension  is  equal  to  the  atmospheric  pressure,  it  will  be 
evident  that,  if  the  latter  increases  or  decreases,  the  temperature 
necessary  to  produce  an  equal  vapour-pressure  must  also  rise  or 
fall ;  in  other  words,  the  boiling-point  of  a  liquid  is  dependent  upon 
the  pressure.  If  a  quantity  of  water,  no  warmer  than  the  hand,  be 
placed  beneath  the  receiver  of  an  air-pump,  which  is  then  quickly 
exhausted,  the  water  will  be  seen  to  enter  into  violent  ebullition. 
It  does  this  when  the  pressure  within  the  receiver  is  reduced  to 
the  point  at  which  it  is  equal  to  the  tension  of  aqueous  vapour  at 
the  temperature  taken. 

For  this  reason  water  boils  at  a  lower  temperature  in  high 
altitudes  than  at  the  sea-level ;  and  as  the  vapour- tension  of  water 
at  various  temperatures  has  been  experimentally  determined,  we 
can,  by  ascertaining  the  boiling-point  of  water  at  any  particular 
altitude,  calculate  the  atmospheric  pressure,  and  consequently  the 
height  above  the  sea-level. 

Many  liquids  when  heated,  especially  in  glass  vessels  that  have 
been  carefully  cleansed,  may  be  raised  several  degrees  above  the 
boiling-point  without  ebullition  taking  place.  The  liquid  under 
these  circumstances  assumes  a  pulsating  movement,  which  con- 
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linues  for  a  short  time,  when  a  burst  of  \'apour  is  suddenly 
with  violence,  and  the  temperature  at  once  drops 
point.  The  liquid  then  becomes  quiescent,  »nd  again 
temperature  rises  the  pulsating  movement  begins,  ending  once 
more  in  an  explosive  evolution  of  vapour.  This  Jwrcwjj/w  boiling, 
or  bumping,  is  somelinies  sufficiently  violent  to  cause  the  fracture  of 
the  vessel.  In  order  to  experimentally  ascertain  the  boiling-point 
of  a  liquid,  the  thermometer,  for  this  reason,  is  not  immersed  in 
the  liquid,  but  is  suspended  in  the  vapour,  the  temperature  of 
which  remains  constant  throughout  these  irregularities  in  the 
boiling. 

Latent  Heat  of  VapOFlsatlon. — When  a  liquid  is  heated,  iu. 
temperature  rises,  as  indicated  by  the  tbennomcter,  until  a  certain 
point  is  reached  (the  boiling-point  of  the  liquid),  when  the  con- 
tinued application  of  heat  causes  no  further  rise  of  lemperalure. 
Thermometers  placed  n)  the  liquid,  and  in  the  vapour,  indicate  the 
same  temperature  and  remain  constant,  and  all  further  applica- 
tion of  heat  is  unappreciated  by  these  instruments,  and  dis.tppears 
in  changing  the  liquid  into  vapour.  The  beat  which  in  this  way  is 
absorbed  during  the  vaporisation  of  a  liquid  is  spoken  of  as  the 
latent  heat  of  vaporisation  ;  and  the  same  amount  of  heat  tvhich 
thus  disappears  during  the  conversion  of  a  liquid  into  a  vapour 
is  again  rendered  sensible  when  the  vapour  passes  back  into  the 
liquid  state. 

The  heat  which  is  thus  said  to  become  intent  is  in  reality  con- 
verted into  kinetic  energy;  it  is  expended  in  imparting  to  the 
molecules  the  kinetic  energy  necessary  to  overcome  the  attractive 
forces  operating  between  them  while  in  the 
liquid  Slate;  in  other  words,  it  is  doing  the 
work  of  overcoming  cohesion  (internal  workX 
and  also  the  external  pressure  on  the  vapour' 
(external  work). 

Inorderthat  a  liquidmaypassinioa  vapour 
t  is  necessary  that  heal  be  absorbed.  We 
lave  seen  (page  ii6)  that  a  liquid  undergoing 
ipontaneous  evaporation  becomes  colder  (that 
is,  heal  is  absorbed  by  the  molecules  that  arc 
converted  into  the  gaseous  state),  and  also 
rapidly  the  liquid  can  be  made  to  pass  into  the 
vaporous  condition,  without  supplying  external  heat,  the  lower 
will    its   temperature  fall.      Upon  this    fact    depend  a  number 
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of  methods  for  (he  artificial  production  of  low  degrees  of  cold. 
For  example,  ether  bails  ai  35°.  but  if  a  small  quantity  of  ether 
be  placed  in  a  glass  fUslc  standing  upon  a  wooden  block,  upon 
which  a  few  drops  of  water  have  been  poured,  and  a  current  of  air 
from  a  bellows  be  briskly  blown  through  the  ether  (Fig.  14), 
the  temperature  of  the  ether  will  fall  so  rapidly  that  in  a  few 
moments  the  flask  will  be  frozen  to  the  block.  By  the  rapid  eva- 
poration of  liquids  with  lower  boiling-points,  the  extreme  degrees  of 
cold  necessary  for  the  liquefaction  of  such  gases  as  oxygen,  carbon 
monoxide,  air,  &C,  are  obtained.    Thus,  liquid  methyl  chloride 


b<MlB  at  —33°  ;  by  causing  it  to  rapidly  vaporise,  its  temperature 
can  be  reduced  to  -70°.  Liquid  ethylene  in  the  same  way  fails 
to  a  temperature  of  -  130",  and  liquid  oxyg-en  by  rapid  evaporatioii 
gives  a  temperature  as  low  as  -  210°. 

The  temperature  of  water,  in  like  manner,  maybe  so  lowered  by 
its  own  rapid  evaporation,  as  to  cause  it  to  freeze.  We  have  already 
seen  that  by  reducing  the  pressure,  the  boiling-pojnt  of  a  liquid  is 
lowered  ;  if,  therefore,  a  quantity  of  water  be  placed  in  a  vacuum. 
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principle.  The  wi 
(Fig-  'S).  which  v. 
filled  with  Strang  si 


and  methods  be  adopted  to  remove  the  water  vapour  as  rapidlfj 

as  it  is  formed,  the  wnler  will  enter  into  rapid  ebullition.    The"' 

evaporation  will  therefore  proceed  so   rapidly,  and   consequently 

absorb  heat  so  quickly,  that  the  temperature  of  the  boiling  liquid 

will  quickly  fall   to  o°  when  it  passes   into  the  solid  stale.     The 

instrument  known  as  Carres  freezing  machine  depends  upon  this 

o  be  froten  is  placed  in  the  f:lass  bottle  C 

connection  with  a  metal  resen,oir  R,  half 

sulphuric  acid.     This  in  its  turn  is  connected  by 

*  with  an  air-pump  P,  worked   by  the  lever 

M,  to  which   is  also  attached  a  connerting 

rod  /,  so  that  a  stirrer  within  the  reser\-oir  is 

kept  constandy  in  motion.     As  scion  as  the 

apparatus  is  exhausted  to  a  pressure  of  two 

or  three  millimeires,  the  water  begins  rapidly 

to  boil,  and  as  the  sulphuric  acid  absorbs  the 

water  vapour  as  rapidly  as  it  is  given 

temperature    quickly    falls    and     the    water 

Fig.  16  illustrates  another  method  by  which 
the  same  result  may  be  obtained.  A  tall 
glass  vessel  is  exhausted  by  means  of  an 
ordinary  air-pump,  and  water  is  allowed 
slowly  to  enter  from  a  stoppered  funnel,  upon 
the  end  of  which  is  secured  a  short  string. 
At  the  same  time  strong  sulphuric  acid 

I  p.  milted  by  the  second  funnel,  and  caused  to 

I        I    u  flow  down  3  glass  rod,  round  which  is  wound 

ft  a  spiral  of  asbestos  thread.     The  acid  at  once 

■^  ^    —  absorbs  the  aqueous  vapour  from  the  evapo- 

g  rating  water,  the  temperature  of  which,  thi 

: 
w1 


fore,  falls  beiow  the  freering- point,   and   it 
in.  solidities  as  it  flows  over  the  string  into  the 

form  of  an  icicle. 
Just  as  diminution  in  pressure  lowers  the  boiling-point  of  a 
liquid,  SO  increased  pressure  raises  the  boiling-point.  If  water  be 
heated  in  a  closed  iron  vessel,  as  in  n  high-pressure  steam  boiler, 
;  pressure  caused  by  its  own  vapour  raises  the  boiling-point 
many  degrees  above  too".  There  is  a  definite  temperature,  how- 
',  for  every  liquid,  beyond  which  the  liquid  stale  is  impossible, 
whatever  may  be  the  pressure  ;  that   is  to  say,  the  liquid  when 


11 

1 

1 
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heated  beyond  this  fixed  point  passes  into  the  gaseous  state,  how- 
ever great  the  pressure  may  be.  This  temperature  is  the  critical 
temperature  (see  page  79).  If  a  liquid  be  heated  in  a  sealed  and 
strong  glass  tube,  as  the  critical  temperature  is  approached  the 
surface  of  the  liquid  gradually  becomes  ill-defined,  and  finally  the 
tube  is  completely  occupied  by  transparent  vapour.  On  again 
cooling,  as  soon  as  the  critical  point  is  passed  the  contents  of 
the  tube  again  separate  into  two  distinct  layers  consisting  of  liquid 
and  gas. 

VapOUP-Pressures  of  Solutions.— The  boiling-point  of  a  liquid 
is  modified  by  the  presence  in  the  liquid  of  dissolved  substances. 
If  the  substance  in  the  solution  be  less  volatile  than  the  liquid,  the 
boiling-point  is  raised.  Thus,  while  the  boiling-point  of  pure 
water  (under  the  normal  atmospheric  pressure)  is  100*,  the  tem- 
perature at  which  saturated  aqueous  solutions  of  salts  boil,  is 
considerably  higher,  thus  : — 


Containing  Grammes  of 

Water  Saturated  with 

Salt  in  too  Grammes 
of  Water. 

Boiling-poinu 

Sodium  chloride    . 

41.2 

108.4' 

Potassium  nitrate . 

.      3351 

1 1  5.9" 

Potassium  carbonate 

.      205.0 

I330' 

Calcium  chloride  . 

.      325-0 

179.5' 

The  temperature  of  the  steam  of  these  boiling  solutions,  as 
ascertained  by  suspending  .a  thermometer  in  the  vapour,  appears 
to  be  the  same  as  that  from  pure  water,  as  the  thermometer  in 
all  cases  indicates  loo*.  In  reality,  however,  the  temperature  is 
higher,  although  not  so  high  as  that  of  the  boiling  liquid.  The 
reason  that  the  thermometer  indicates  ico'  in  all  cases  is  because 
the  water  vapour  continually  condenses  upon  the  bulb  of  the 
instrument,  covering  it  with  a  film  of  pure  water,  which  boiling 
off  from  the  bulb  indicates  only  the  boiling-point  of  the  pure 
liquid.  By  special  arrangements  this  condensation  may  be  pre- 
vented, when  it  has  been  shown  (Magnus)  that  the  temperature 
of  the  vapour,  from  such  boiling  solutions,  rises  as  the  solutions 
become  more  concentrated — that  is,  as  the  temperature  of  the 
boiling  liquids  rise.  It  has  been  already  explained  that  the  boil- 
ing-point of  a  liquid  is  that  temperature  at  which  the  vapour 
tension  is  equal  to  the  atmospheric  pressure  ;  since,  then,  the 
presence  of  dissolved  substances  raises  the  boiling-point,  it  follows 
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>e  of  aqueoua  ^H 
(he  vapour-  ^H 


thai  it  must  lower  the  vapour- pressure,  for  (i 
solutions)   when    the   temperature   has   reat 

pressure  is  still  below  that  of  the  atmosphere,  for  the  li£|uid  docs 
not  enter  into  ebullition  at  that  temperature.  Lowering  the 
vapifiur- pressure,  therefore,  is  synonymous  with  raising  the  boiling- 
point.  The  extent  to  which  the  vapour-pressure  of  a  liquid  is 
lowered  (or  its  boiling-point  raispd)  by  dissolving  in  too  grammes 
of  it  I  gramme- molecule  of  a  given  substance  is  called  the  male- 
eular  lowering  of  the  vapour-pressure,  or  the  nwleeular  elevatinn 
of  the  boiling-point  of  that  liquid.  Now  it  has  been  found  with 
substances  which  do  not  undergo  ionic  dissociation  in  the  solvent 
employed,  and  also  which  do  not  themselves  exerl  any  appreciable 
vapour- pressure  al  the  boiling-point  of  the  solvent,  that  this  mole- 
cular lowering  of  the  vapour- pressure  is  practically  a  constant. 
Thus,  for  water  the  molecular  rise  of  boiling-point  is  5.2°  1  while  for 
benzene  it  is  z-].o'. 

For  example,  given  two  substances,  say  glycerol  and  sugar, 
which,  when  dissolved  in  water,  yield  solutions  which  are  non- 
electrolytes  (i.e.  these  conipounds  do  not  dissociate),  and  are  also 
themselves  practically  non-volatile  at  the  boiling-point  of  water ; 
then,  if  1  gram  me -molecule  of  each  be  separately  dissolved  in 
too  grammes  of  water,  the  two  solutions  obtamed  will  be  found  to 
boil  at  about  105.2°  instead  of  100°.  Or  again,  two  substances 
fulfilling  the  same  conditions  when  dissolved  in  benxene  would 
send  up  the  boiling-point  of  this  liquid  from  80.5"  to  107.;°. 

If,  on  the  other  hand,  the  substance  is  an  electrolyte — that  is, 
one  which  undergoes  ionic  dissociation  in  the  solvent,  then  the 
effect  produced  by  the  same  weight  of  substance  is  greater,  since 
s  behave  as  though  they  were  molecules,  and  the  result  is 
s  though  a  larger  number  of  molecules  were  present  in 
the  solution.  Obviously  the  increase  in  the  effect  produced  will 
depend  upon  the  extent  to  which  dissociation  lakes  place. 

The  following  general  laws  relating  to  the  effect  of  dissolved 
substances  upon  vapour-pressure  have  been  established  : — 

I,  Tlu  relation  between  the  i/uantity  of  a  substance  in  seluiioti 
and  the  diminution  of  the  vapour-pressure  below  t/utt  of  the  pure 
solvent  is  the  same  at  all  temperatures. 

a.  The  diminufion  of  the  vapour-pressure  of  a  liquid,  by  a  dis- 
solved substance,  is  frroportional  to  the  amount  of  the  substance  in 
solution  {pro^ilded  the  substance  itself  exerts  no  eippreeiable  vapour- 
pressure  at  the  temperature  of  the  experiment). 


1 
I 
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3.  TlU  molecular  lowering  of  vapour-pressure  hy  chemically 
I  similar  subitantes  Is  constant;  that  is  to  say,  solutions  containing 
Ktfnr  motteular  vieigkl  in  grammes  (pw  gramiHt-molecule)  of  such 
I  tubstances  in  tquiii  volumes  of  the  solvent,  give  rise  to  th*  tamt  _ 
I  diminution  ofvapnur-pre 


4,    7he  rel.ili-.;-  '.'-.rrrlii^cof  v.-Pvur-pn-'surc  is  fn'Pofli.mal 
'o  of  the  number  of  moltailes  of  the  ilitsolvtd  aubslance, 
e  Mai  numhrrof  molecvles  in  the  solution,  i.t.  the  sum  0/  the    I 
vtmbtr  afmalrailes  nflht  dissolved  substante  and  of  the  solvent.* 

•  EKcepI  \a  iIk  low  of  electrolyio.     S«  page  108. 
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Upon  these  considerations  it  becomes  possible,  by  me 
lowering  of  ihe  vapour- pressure,  to  determine  the  molecular  weigl 
of  a  substance  that  is  capable  of  being  dissolved  in  a.  volatil 
liquid. 

The  apparatus  in  which  such  a  determination  is  made 
in  dissected  form  in  Fig.  17.  A  weighed  quantity  of  the  solvent  to-^ 
be  employed  is  contained  in  the  tube  A  which  is  inserted  in  the 
vessel  B,  which  in  its  turn  is  placed  upon  the  asbestos  support  D, 
and  heated  from  below  by  means  of  small  flames.  As  the  liquid 
in  A  boils,  its  vapour  is  condensed  by  the  condenser  indicated  at 
C],  and  thereby  returned  lo  the  vessel.  The  outer  vessel  13  also 
contains  a  small  quantity  of  the  same  liquid  which  boils  simulta- 
neously, so  that  the  inner  tube  is  thus  surrounded  by  a  jacket  filled 
with  the  hot  vapour  of  the  same  hquid  as  is  boiling  inside.  The 
vapour  frorn  the  boiling  liquid  in  this  jacket  vessel  is  condensed  by 
the  condenser  at  C,  and  constantly  returned.  By  means  of  a 
thermometer  the  exact  temperature  at  which  the  liquid  boils 
thus  ascertained,  after  which  a  weighed  quantity  of  the  substance 
whose  molecular  weight  is  to  be  determined  is  introduced  and  the 
lioiling-paint  again  ascertained. 

The  result  is  calculated  by  the  formula — 


M- 


When  C=Con5lant— namely,  the  molecular  elevation  of  the  boil^ 
ing-point  of  the  solvent  used  ; 
g  =  The  percentage  strength  of  the  solution  ;  and 
R  =  The  observed  rise  of  boiling-poinL 
The  Passage  of  Liquids  Into  Soiids.— Most  liquids,  when 
cooled  to  some  specific  temperature,  pass  into  the  solid  state  ;  the 
temperature  at  which  this  change  takes  place  is  termed  the  sohdi- 
fying  point.     Generally  speaking,  the  tempsrature  at  which  a  liquid 
solidilies  is  the  same  as  that  at  which  the  solid  again  melts  ;  but  as 
the  solidification  of  a  liquid  is  subject  to  disturbances  from  causes 
that  do  not  affect  the  melting-point,  this  is  not  always  the  case. 
Thus,  water  may  be  cooled  many  degrees  below  0°  if  it  be  pre- 
viously freed  from  dissolved  air,  and  be  kept  perfectly  still.     This 
super  cooling  of  water  may  readily  be  illustrated  by  means  of  the 
apparatus  represented  in  Fig.  18.    This  consists  of  a  thermometer 
whose  bulb  is  enclosed  in  a  larger  bulb  containing  water,  which 
before  the  bulb  b  sealed  at  n,  is  briskly  boiled  to  expel  all  the 
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When  the  instrument  is  immersed  in  a  freezing  mixture  the  tem- 
perature of  the  water  may  be  lowered  to  -15'  without  congela- 
tion taking  place,  but  on  the  slightest  agitation  it  at  once  solidifies 
and  the  temperature  rises  to  o"*.  It  is  on  account  of  this  property 
of  water  to  suspend  its  solidification,  that  in  determining 


0 


40 


SO 


^0 
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the  lower  fixed  point  of  a  thermometer,  the  temperature 
of  melting  ice,  and  not  that  of  freezing  water,  is  made 
use  of. 

Many  other  liquids  exhibit  suspended  solidification  to 
a  very  high  degree  ;  thus  glycerine  may  be  cooled  to  —  30" 
or  —40'  without  solidifying,  but  if  a  crystal  of  solid  gly- 
cerine be  placed  in  the  liquid  the  entire  mass  freezes,  and 
does  not  again  melt  until  a  temperature  of  \^,^  is 
reached. 

Change  of  Volume  on  Solidification.— Most  liquids, 

in  the  act  of  solidifying,  contract  ;  that  is  to  say,  the  solid 
occupies  a  smaller  volume  than  the  liquid.  Consequently 
the  solid  is  specifically  denser,  and  sinks  in  the  liquid. 
Thus  100  volumes  of  liquid  phosphorus  at  44'  (the  melting- 
point)  when  solidified  occupy  only  96.7  volumes.  Water 
expands  upon  solidification,  hence  ice  is  relatively  lighter 
than  water,  and  floats  upon  the  liquid.  The  reverse 
change  of  volume  accompanies  the  change  of  state  in  the 
opposite  direction. 

Effect  of  Pressure  upon  the  Solidifying  Point  of 

Liquids. — In  the  case  of  liquids  that  contract  upon  soli- 
dification, increased  pressure  raises  the  point  of  solidifi- 
cation, and  consequently  raises  the  melting-point  of  the 
solid.  The  effect,  however,  is  extremely  small  :  thus  the 
solidify ing-point  (and  melting-point)  of  spermaceti  under 
the  standard  atmospheric  pressure  is  47.7",  while  under  y  « 
a  pressure  of  1 56  atmospheres  it  is  raised  to  50.9". 

With  liquids  that  expand  on  solidification,  increased  pressure  has 
the  opposite  effect,  and  lowers  the  solidifying  point.  Thus,  water 
under  great  pressure  may  be  cooled  below  o*  and  still  remain  liquid  ; 
and  in  the  same  way  ice  may  be  liquefied  by  increased  pressure 
without  altering  its  temperature.  In  the  case  of  water  it  has  been 
found  that  an  increased  pressure  of  //  atmospheres  lowers  the  soli- 
difying point  by  0.0074/1'*  »  hence  under  a  pressure  of  135  atmos- 
pheres, the  freezing-point  of  water  (and  the  melting-point  of  ice)  is 
lowered  I^     This  lowering  of  the  melting-point  of  ice  under  pres- 
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sure  may  be  illustrated  by  the  experiment  represetiied  in  Fig,  \\ 
Over  a  block  of  ice  is  slung  a  tine  steel  wire,  lu  which  are  hung 
number  of  weights.     The  pressure  thus  exerted  upon  the  ice,  bjrj 
lowering  the  melting-paint,  causes  ihe  ice  to  liquefy  immediatel] 
beneath  the  wire,  which  therefore  gradually  cuts  its  way  througl 
the  block.     But  as  the  wire  passes  through  the  mass,  each  layer 
water  behind  it  again  resolidifies,  being  no  longer  subject  to  ll 
increased  pressure  ;  hence,  although  the  wire  cuts  its  way  com- 
pletely through  the  ice,  the  block  still  remains  intact. 
Latent  Heat  or  Fusion.— When  a  liquid,  at  a  temperalurel 
above  its  solidifying  point,  is  coolt  " 
a  thermometer  placed  in  the  liqi 
indicates  its  loss  of  heat  until  solidl 
fication  begins.     At  this  point  the' 
temperature  remains  constant  until' 
solidification  is  complete,  when   the 
thermometer    again   begins   to    (aJL 
And  again,  when  a  solid,  at  a  tei 
peralure  below  its  melting-point, 
healed,   its   temperature   rises   un 
the  mehing   begins,  but   no  further ' 
rise  of  temperature  takes  place  by  the 
application  of  heat  until  liquefaction 
is  complete.     The  sensible  heat  that 
so  disappears  during  Hision  is  spoken 
of  as  the  laltttt  heal  o/fusian.     J  usl 
as   in   the   passage   of   liquids   into 
j#!^)^^i^PWPf^Ha     gases,  this  so-called  latent  heat  re- 
/  '     -'  '    Wfcto  Jl    presents  heat  that  has  ceased  to  be 

heat,  but   which   is   converted    into 
kinetic  energy  that  is  taken  up  by  the 
;  when  the  liquid 


s  again  transformed  i: 


molecules 
back  into  the  solid  stale,  this  energy 
sensible  heat. 

The  fact  that  heat  is  thus  changed  into  energy,  and  so  rendered 
insensible  to  the  thermometer,  may  be  seen  by  adding  biiiling  water 
to  powdered  ice.  A  thermometer  placed  in  ice  indicates  the  tem- 
perature o",  and  although  boiling  water  is  poured  upon  it,  so  long 
es  any  ice  remains  unmelted  no  rise  of  temperature  of  the  mixture 
results,  the  heal  contained  in  the  boiling  water  being  expended 
doing  tbework  of  liquefying  the  ice,  and  convertingit  into  water  at 
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When  such  an  experiment  is  made  more  exactly,  it  is  found  that 
I  kilogranune  of  water  at  80.25**,  when  mixed  with  i  kilogramme  of 
ice  at  o**,  gives  2  kilogrammes  of  water  at  o^  That  is  to  say,  the 
amount  of  heat  contained  in  a  kilogramme  of  water  at  80.25*  is 
exactly  capable  of  transforming  an  equal  weight  of  ice  at  o**  into 
water  at  o". 

As  the  heat  required  to  raise  the  temperature  of  i  kilogramme  of 
water  from  o"  to  i**  is  the  unit  of  heat,  or  major  calorie^  we  say  that 
the  latent  heat  of  fusion  of  ice  is  80.25  thermal  units  or  calories. 

During  the  solidification  of  a  liquid,  the  latent  heat  of  fusion  is 
again  given  out.  The  solidification,  therefore,  only  takes  place 
gradually,  for  the  heat  evolved  by  the  congelation  of  one  portion 
is  taken  up  by  the  neighbouring  particles,  whose  solidification  is 
thereby  retarded  until  this  heat  is  dissipated.  In  the*  case  of  super- 
cooled liquids  and  super-saturated  saline  solutions,  the  solidifica- 
tion takes  place  more  suddenly,  and  the  evolution  of  the  latent  heat 
is  therefore  manifest  by  a  rise  of  temperature. 

Effect  of  Substances  in  Solution  upon  the  Solidifying  Point 

of  a  Liquid. — It  has  long  been  known  that  a  lower  degree  of  cold 
is  necessary  to  freeze  salt  water  than  fresh  ;  and  also  that  the  water 
obtained  by  remelting  ice  from  frozen  sea-water  is  so  little  salt  as 
to  be  drinkable.  Quantitative  experiments  show  that  water  con- 
taining I  per  cent  of  common  salt  requires  to  be  cooled  to  -0.6* 
before  the  water  begins  to  freeze  ;  and,  moreover,  that  when  such 
a  dilute  solution  begins  to  freeze,  the  solid  which  separates  out  is 
not  the  salt,  but  is  pure  ice.  This  also  holds  in  the  case  of  all 
other  solvents  that  are  capable  of  being  solidified,  the  pure  solidi- 
fied solvent  alone  separating  when  the  solution  is  frozen.  For 
instance,  benzene  freezes  at  6' ;  but  if  a  small  quantity  of  any  sub- 
stance which  it  is  capable  of  dissolving  be  added  (either  a  solid  or 
liquid  substance),  it  will  be  found  necessary  to  cool  the  liquid  below 
6"  before  the  benzene  begins  to  freeze.  The  effect  of  dissolved 
substances  in  lowering  the  solidifying  point  of  the  solvent  was  first 
discovered  by  Blagden  (1788),  who  formulated  the  law  that  the 
depression  of  the  freezing-point  of  aqueous  solutions  of  the  same 
substance  was  proportional  to  the  strength  of  the  solution.  By 
referring  the  lowering  of  the  solidifying  point  to  quantities  of  the 
dissolved  substances  that  were  in  molecular  proportions,  instead 
of  to  equal  weights,  it  has  been  found  that  in  the  case  of  certain 
chemically  allied  substances  the  following  general  law  holds  good : 
Solutions  containing  in  equal  volumes  of  the  solvent  quantities  of 
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dissolved  substances  proportional  to  their  molecular  weights  have 
the  same  point  of  solidification. 

Thus,  centi-normal  solutions  of  sodium  chloride  and  potassium 
chloride  (/>.  solutions  containing  0.585  gramme  NaCl  and  0.746 
gramme  KCl  respectively  in  one  litre  of  water)  will  begin  to  freeze  at 
the  same  fraction  of  a  degree  below  o^  In  other  words,  the  depres- 
sion of  the  freezing-point  of  the  solvent  is  a  function  of  the  number 
of  molecules  of  the  dissolved  substance,  irrespective  of  the  nature 
of  the  molecules.  The  extent  to  which  the  freezing-point  of  a 
liquid  would  be  depressed  *  by  dissolving  in  100  grammes  of  it  one 
gramme-molecule  of  any  substance  is  called  the  molecular  depres- 
sion of  the  freezing-point  of  that  liquid,  and  it  is  found  that  in  the 
case  of  all  substances  which  are  non-electrolytes,  i.e,  which  do  not 
undergo  ionisation,  this  molecular  depression  for  a  given  liquid  is 
practically  a  constant.  Thus  in  the  case  of  water,  when  the  sub- 
stance dissolved  is  a  non-electrolyte,  the  molecular  depression  is 
about  I8.5^ 

In  the  case  of  substances  which  dissociate  into  their  ions  in  the 
solution,  the  molecular  depression  will  be  greater,  depending  upon 
the  degree  of  ionisation.  Thus  in  the  case  of  strong  acids,  bases, 
and  salts,  that  is,  "electrolytes"  which  undergo  dissociation  to  the 
highest  degree,  it  is  found  that  the  molecular  depression  is  practi- 
cally double  that  given  by  non-electrolytes.  The  ions  in  the  liquid 
acting  as  independent  molecules,  it  will  be  obvious  that  if  dissocia- 
tion is  complete  there  will  be  twice  as  many  ions  as  there  were 
molecules  of  the  compound,  and  therefore  the  effect  produced  in 
respect  of  lowering  the  freezing-point  should  be  twice  as  great. 
The  relations  thus  established  between  the  molecular  weight  of  a 
compound  and  its  influence  in  lowering  the  freezing-point  of  a 
solvent  form  the  basis  of  a  method  for  the  determination  of  mole- 
cular weights  (Raoult's  method). 

The  process  is  carried  out  in  a  tube  quite  similar  to  tube  A,  Fig. 
17  (the  side  tube  in  this  case  being  merely  closed  with  a  cork). 
A  weighed  quantity  of  the  solvent  is  introduced  into  this  tube, 
which  is  then  carefully  cooled  in  a  freezing-mixture,  the  liquid 
being  gently  stirred  by  means  of  a  wire  passing  through  a  hole  in 
the  top  cork.  The  temperature  at  which  freezing  begins  to  take 
place  is  noted.     The  tube  is  then  withdrawn  from  the  freezing- 

*  In  actually  determining  depressions  of  freezing-point,  solutions  so  strong 
as  this  cannot  be  used.  The  determination  is  made  with  dilute  solutions,  and 
the  molecular  depression  obtained  by  calculation. 
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When  such  an  experiment  is  made  more  exactly,  it  is  found  that 
I  kilogramme  of  water  at  80.25**,  when  mixed  with  i  kilogramme  of 
ice  at  o^  gives  2  kilogrammes  of  water  at  o\  That  is  to  say,  the 
amount  of  heat  contained  in  a  kilogramme  of  water  at  80.25*  is 
exactly  capable  of  transforming  an  equal  weight  of  ice  at  o**  into 
water  at  o*. 

As  the  heat  required  to  raise  the  temperature  of  i  kilogramme  of 
water  from  o**  to  i**  is  the  unit  of  heat,  or  major  calorie^  we  say  that 
the  latent  heat  of  fusion  of  ice  is  80.25  thermal  units  or  calories. 

During  the  solidification  of  a  liquid,  the  latent  heat  of  fusion  is 
again  given  out.  The  solidification,  therefore,  only  takes  place 
gradually,  for  the  heat  evolved  by  the  congelation  of  one  portion 
is  taken  up  by  the  neighbouring  particles,  whose  solidification  is 
thereby  retarded  until  this  heat  is  dissipated.  In  the*  case  of  super- 
cooled liquids  and  super-saturated  saline  solutions,  the  solidifica- 
tion takes  place  more  suddenly,  and  the  evolution  of  the  latent  heat 
is  therefore  manifest  by  a  rise  of  temperature. 

ElTect  of  Sttbstanees  in  Solution  upon  the  Solidifying  Point 

of  a  liquid. — It  has  long  been  known  that  a  lower  degree  of  cold 
is  necessary  to  freeze  salt  water  than  fresh  ;  and  also  that  the  water 
obtained  by  remelting  ice  from  frozen  sea-water  is  so  little  salt  as 
to  be  drinkable.  Quantitative  experiments  show  that  water  con- 
taining I  per  cent  of  common  salt  requires  to  be  cooled  to  -0.6* 
before  the  water  begins  to  freeze  ;  and,  moreover,  that  when  such 
a  dilute  solution  begins  to  freeze,  the  solid  which  separates  out  is 
not  the  salt,  but  is  pure  ice.  This  also  holds  in  the  case  of  all 
other  solvents  that  are  capable  of  being  solidified,  the  pure  solidi- 
fied solvent  alone  separating  when  the  solution  is  frozen.  For 
instance,  benzene  freezes  at  6*" ;  but  if  a  small  quantity  of  any  sub- 
stance which  it  is  capable  of  dissolving  be  added  (either  a  solid  or 
liquid  substance),  it  will  be  found  necessary  to  cool  the  liquid  below 
6*  before  the  benzene  begins  to  freeze.  The  effect  of  dissolved 
substances  in  lowering  the  solidifying  point  of  the  solvent  was  first 
discovered  by  Blagden  (1788),  who  formulated  the  law  that  the 
depression  of  the  freezing-point  of  aqueous  solutions  of  the  same 
substance  was  proportional  to  the  strength  of  the  solution.  By 
referring  the  lowering  of  the  solidifying  point  to  quantities  of  the 
dissolved  substances  that  were  in  molecular  proportions,  instead 
of  to  equal  weights,  it  has  been  found  that  in  the  case  of  certain 
chemically  allied  substances  the  following  general  law  holds  good : 
Solutions  containing  in  equal  volumes  of  the  solvent  quantities  oj 


CHAPTER  XIV 

SOLUTION 

A  SOLUTION  may  be  defined  as  a  homogeneous  mixture  of  either  a 
gas,  a  liquid,  or  a  solid  with  a  liquid,  this  liquid  being  termed  the 
solvent* 

Substances  that  are  capable  of  forming  such  homogeneous  mix- 
tures with  a  solvent  are  said  to  be  soluble  in  that  liquid.  The 
solution  of  matter  in  ,its  three  states  will  be  treated  separately. 

1.  Solution  of  Gases  in  Liquids.— Wlien  a  gas  is  dissolved 

by  a  liquid,  the  liquid  is  said  to  absorb  the  gas,  and  although  it  is 
held  that  most  liquids  are  capable  of  absorbing  most  gases  to  a 
greater  or  less  degree,  most  of  the  investigations  in  this  direction 
have  been  made  with  the  two  liquids,  water  and  alcohol,  by  Bunsen. 

The  quantity  of  a  gas  which  a  liquid  is  capable  of  absorbing 
depends  upon  four  factors — (i)  the  specific  nature  of  the  liquid  ; 
(2)  the  nature  of  the  gas  ;  (3)  the  temperature  of  the  liquid  ;  (4) 
the  pressure. 

(i.)  The  influence  of  the  solvent  may  be  seen  by  a  comparison 
of  the  quantities  of  the  same  gas  which  equal  volumes  of  water  and 
of  alcohol  are  capable  of  dissolving,  thus — 

100  volumes  of  water  at  o**  dissolve  179.6  volnmes  of  carbon  dioxide, 
while  100  ,,  alcohol  ,,  433*9  tt  >• 

(2.)  The  various  quantities  of  different  gases  which  the  same 
liquid  will  absorb  are  found  to  extend  over  a  very  wide  range, 
thus — 

100  volumes  of  water  at  o"  dissolve  4*  114  volumes  of  oxygen, 

while  100  ,,  ,,  ,,  1 14800.0  ,,  ammonia. 


*  Mixtures  of  gases  are  sometimes  regarded  as  solutions,  one  gas  being  said 
to  be  dissolved  in  the  other.  Gases  also  are  sometimes  spoken  of  as  dissolving 
liquids  and  solids,  when  liquid  and  solid  substances  directly  vaporise  into 
them. 
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(3.)  The  volume  of  any  gas  which  a  liquid  can  absorb  diminishes 
with  a  rise  of  temperature.*  This  will  be  seen  from  the  following 
table,  where  the  volumes  of  different  gases  are  given  which  100 
volumes  of  water  will  absorb  at  various  temperatures. 


~ 

-  — 

Temperature. 

1 

Carbon  Dioxide. . 

Nitrous  Oxid«. 
130.S 

Oxygen. 

'     Nitrogen. 
2.03 

0 

179.6 

4. 1 1 

5            ' 

144.9 

109.3 

3.62 

1.79 

10 

I18.4 

91.9 

3-25 

1.60 

20 

1 

9ai 

67.0 

a.  83 

1.40 

It  was  at  one  time  believed  that  the  solvent  power  of  water  for 
hydrogen  was  the  same  at  all  temperatures  between  o'  and  25*. 
Recent  experiments  have  shown,  however,  that  there  is  no  excep- 
tion to  the  general  law  in  this  case  ;  thus  it  has  been  found  that 
100  volumes  of  water — 

At    o*  dissolve  2. 1 5  volumes  of  hydrogen. 
At    s*        n        2.06 
At  10*        „        1.98 
At  20**        „        1.84 


»» 


» 

>» 

9) 

» 

»» 

»> 

When  a  solution  of  a  gas  in  water  is  heated,  the  gas  being  less 
soluble  at  the  higher  temperature  is  expelled,  and  in  most  cases 
the  whole  of  the  gas  is  driven  off  at  the  boiling  temperature. 
This,  however,  is  not  invariably  the  case  ;  for  example,  the  solution 
of  hydrochloric  acid  in  water,  when  boiled,  will  distil,  without  further 
evolution  of  gas,  when  a  solution  of  definite  strength  is  reached 
(see  Hydrochloric  Acid). 

(4.)  The  influence  of  pressure  upon  the  volume  of  a  given  gas 
which  a  liquid  can  absorb  was  discovered  by  Henry  (1803),  and  is 
known  as  Henry's  law,  namely,  The  volume  of  the  gas  absorbed  by 
a  li'juid  is  directly  proportional  to  the  pressure  of  the  ^as.  If  the 
pressure  be  doubled,  the  same  volume  of  liquid  will  dissolve  twice 
the  volume  of  the  gas,  the  volume  in  each  case  being  measured 
at  o"  and  760  mm.  But  since,  according  to  Boyle's  law,  the 
volume  of  a  gas  is  inversely  as  the  pressure,  this  law  may  be  thus 
stated  :  A  given  7'olume  of  a  liquid  will  absorb  the  same  volt** 
a  gas  at  all  pressures, 

*  Helium,  between  certain  limits  of  temperature,  is  an  exoe] 


-  ^^ 
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Thus,  if  loo  volumes  of  water  at  o*  dissolve  2.03  volumes  of 
nitrogen,  under  the  standard  atmospheric  pressure  (the  volume  of 
the  gas  being  measured  at  o"*  and  760  mm.),  under  twice  this 
Pressure,  i.e,  two  atmospheres,  the  same  volume  will  absorb  twice 
the  volume  of  nitrogen,  viz.,  4.06  volumes  measured  at  6"  and  760 
mm.  But  4.06  volumes  of  gas  measure4  at  o'  and  760  mm.  occupy 
2.03  volumes  under  a  pressure  of  two  atmospheres,  therefore  the 
liquid  dissolves  the  same  volume  of  compressed  gas  as  of  gas 
under  ordinary  pressure. 

Henry's  law  is  sometimes  stated  in  a  slightly  altered  form.  If 
the  quantity  of  gas  present  in  a  unit  volume  of  both  the  liquid  and 
the  space  above  it  be  called  the  coucentration  of  the  gas,  then  the 
law  may  be  expressed  by  saying  that  under  all  pressures^  the  ratio 
oj  the  concentrations  of  the  gas  in  the  liquid^  and  in  the  space  ab(n'e 
ity  remains  constant.  This  ratio  is  termed  the  coefficient  of  solu- 
bilityy  or  the  "solubility"  of  the  gas  in  the  particular  liquid. 

The  term  coefficient  of  cdfsorption^  first  introduced  by  Bunsen,  is 
the  volume  of  the  gas  measured  at  o**  and  760  mm.,  which  is 
absorbed  by  i  cubic  centimetre  of  a  liquid  at  the  same  tem- 
perature and  pressure  ;  and  it  is  therefore  simply  the  volume 
representing  the  "solubility"  of  the  gas,  reduced  to  o'. 

The  solubility  of  gases  in  liquids  is  measured  by  agitating  a 
known  volume  of  liquid  with  a  measured  volume  of  the  gas,  under 
determinate  conditions  of  temperature  and  pressure.  The  apparatus 
employed  by  Bunsen,  and  known  as  Bunsen's  absorptiometer,  is 
shown  in  Fig.  2a  It  consists  of  a  graduated  tube  ^,  into  which 
known  volumes  of  the  gas  and  liquid  are  introduced.  The  lower 
end  of  this  tube  is  furnished  with  an  iron  screw,  by  means  of 
which  it  can  be  securely  screwed  down  upon  an  indiarubber  pad, 
in  order  to  completely  close  the  tube  (seen  in  the  side  figure). 
The  tube  containing  the  gas  and  liquid  under  examination  is 
lowered  into  a  tall  cylinder  g  g,  in  the  bottom  of  which  is  a 
quantity  of  mercury.  The  cylinder  is  then  filled  with  water,  and 
the  cap  p  screwed  down.  The  thermometer  k  registers  the  tem- 
perature. The  apparatus  is  then  briskly  shaken,  in  order  that  the 
liquid  in  the  eudiometer  may  exert  its  full  solvent  action  upon  the 
gas,  and  on  slightly  unscrewing  the  tube  from  the  caoutchouc  pad, 
mercury  enters  to  take  the  place  of  the  dissolved  gas.  The  tube 
is  again  closed  and  the  shaking  repeated,  and  these  operations  are 
continued  until  no  further  absorption  results.  Finally,  the  volume 
of  gas  is  measured,  the  temperature  noted,  and  the   pressure 
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ascertained  by  reading  llie  position  of  llie  mercury  wilhin  ihe  tube, 
and  deducting  ilie  height  of  the  column  from  b  to  the  surfare  of 
Ihe  mercury  a,  from  the  barometric  pressure  at  the  lime  of  making 
the  experiment.      The  temperature  of  the  water  in  the  cylindetj 
may  lie  varied,  ard  the  coefiiclcnt  of  absorption  at  different  tcm^ 
peralures  can  thus  be  determined.  ^ 

Fig.  II  represents  a  more  modern  absorptiometer,  being  a.  modi- 
tied  form  of  Heidenhain  and  Meyer's  apparatus.  In  this  instru- 
ment the  measuring  lube  and  the  absorption  vessel  are  separate, 
e  of  much  larger  volumes  of  liquid.  By 
cock  <i,  the  gas  to  be  experimented  upon 
is  introduced  into  A  by  first  raising  and 
then  lowering  B;  and  the  volume  is 
\  measured  when  the  levels  of  Ihe  mer- 
cury in  A  and  H  are  coincident.  By 
means  of  the  three-way  cock  b,  the 
vessel  f,  of  known  capacity,  and  which 
is  conner.lcti  with  A  by  means  of  a 
Ikxible  metal  capillary  tube,  is  filled 
■  with  ihe  desired  liquid.  The  vessels  .-/ 
and  C  are  then  put  into  communica- 
tion, and  by  raising  B  and  opening  the 
tap  c  a  definite  volume  of  the  liquid  is 
run  out  into  a  measuring  vessel,  which 
represenlsthe  volume  of  gas  Ihal  enters. 
The  gas  and  liquid  are  then  thoroughly 
agitated,  after  which  the  gas  is  passed 
back  into  A  by  lowering  B,  and,  when 
A  and  C'  are  in  communication,  open- 
ing the  tap  c  beneath  mercury.  By 
measuring  Ihe  diminution  in  volume 
suffered  by  the  gas,  the  volume  absorbed  by  the  known  volume 
of  liquid  is  obtained.  The  measuring  tube  and  absorption  vessel 
are  kept  constant  at  any  desired  temperature  by  surrounding 
them  by  water,  or  with  vapours  at  known  temperatures. 

Solubility  of  Hlxed  Gases.— When  Iwo  gases  are  mixed 
together,  the  pressure  exerted  by  each  is  the  same  as  would  be 
exerted  if  the  other  were  absent  and  the  entire  space  were 
occupied  by  the  same  mass  of  the  one.  Thus,  if  a  mixture  of 
two  gases  are  in  the  proportion  of  two  volumes  of  one  and  one 
volume  of  the  other,  the  pressure  exerted  by  the  one  present  in 
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larger  proportion  will  be  twice  as  great  as  that  of  the  other  ;  this 
pressure  is  termed  the  partial  pressure  of  the  gas  under  the 
circumstances,  and  obviously  the  total  pressure  of  the  mixture 
will  be  the  sum  of  the  partial  pressures  of  the  constituents.  As  the 
solubility  of  a  gas  in  a  liquid  is  proportional  to  the  pressure,  the 
solubility  of  the  gases  in  a  gaseous  mixture  will  be  influenced  by 
the  proportions  in  which  they  are  present  in  the  mixture.  This 
is  known  as  Dalton*s  law  of  partial  pressures,  which  may  be  thus 
stated  :  The  solubility  of  a  gas  in  a  gaseous  mixture  is  proportional 
to  its  partial  pressure.  For  example,  the  atmosphere  consists  of 
a  mixture  of  oxygen  and  nitrogen,  in  the  proportion  of  four  volumes 
of  nitrogen  to  one  volume  of  oxygen  (in  round  numbers).  The 
partial  pressure  exerted  by  the  oxygen  is  therefore  only  one-fifth  of 
the  total  atmospheric  pressure,  and  consequently  the  amount  of 
oxygen  which  a  given  volume  of  a  liquid  is  capable  of  dissolving 
from  the  atmosphere  is  only  about  one-fifth  of  that  which  it  will 
absorb  from  pure  oxygen — in  other  words,  will  be  one-fifth  the 
absorption  coefficient  of  oxygen  for  that  liquid. 

The  application  of  the  law  of  partial  pressures  will  be  seen  in 
the  solvent  action  of  water  upon  the  atmosphere.  Taking  the 
coefficients  of  absorption  of  oxygen  and  nitrogen  for  water  as 
given  by  Bunsen — 

Oxygen  =  .041 14  ;        Nitrogen  =  .02035, 

and  the  proportion  of  oxygen  to  nitrogen  in  the  air  as  one  to  four, 
by  volume,  we  get — 

:2111^  =  . 00823,  and  £?235Ji4  ^  .^1628, 
5  •  5 

for  the  number  of  cubic  centimetres  of  oxygen  and  nitrogen  which 
will  be  dissolved  from  the  atmosphere  by  i  cubic  centimetre  of 
water  at  0°. 

One  hundred  volumes  of  water,  therefore,  will  dissolve  2.451 
volumes  of  air,  of  which  .823  volume  is  oxygen  and  1.628  volumes 
is  nitrogen  ;  and  if  this  dissolved  air  be  again  expelled  from  the 
water  by  boiling,  the  air  so  obtained  will  contain  oxygen  and 
nitrogen  in  the  proportions — 

Oxygen 33.6 

Nitrogen 66.4 

loao 
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If  a  mixture  □rax)'gen  and  niirugen  in  this  proporiion  be  once 
more  dissolved  in  waler,  since  the  percentage  of  oxygen  has  risen 
from  ao  to  33.6,  and  the  partial  pressure  proportionately  increased, 
the  mixture  of  the  two  gases  that  will  be  dissolved  will  be  still  J 
richer  in  oxygen  ;  and  after  solution  in  waler  lor  the  third  ti 
boiled-oul  air  will  be  found  to  contain  as  much  as  75  per  cent'J 
of  oxygen.  11  will  be  obvious  that  the  partial  pressure  which  de- 
termines the  extent  to  which  the  separate  gases  in  a  mixture  are 
dissolved  IS  not  represented  by  the  proportion  in  which  the  gases 
are  present  he/ore  solution,  but  that  in  which  they  exist  in  the 
gaseous  mixture  afti-r  the  solvent  has  become  saturated. 

Henry's  law  docs  not  hold  good  in  the  case  of  such  very  soluble 
gases  as  ammonia,  hydrochloric  acid,  &c  These  gases  appear  to 
enter  into  a  true  chemical  union  with  the  water,  and  in  most  of 
these  cases  the  act  of  solution  is  attended  with  considerable  evolu- 
tion of  heal.  In  some  of  these  Instances  the  deviation  from  the 
law  diminishes  with  rise  of  temperature  ;  thus  at  temperatures 
above  40°  the  absorption  of  sulphur  dioxide  obeys  the  law,  while 
in  the  case  of  ammonia  confontiily  to  the  law  is  observed  a 

The  gases  dissolved  by  a  liquid  are  not  only  expelled  by  boiling,."! 
but  arc  withdrawn  by  placing  the  solution  in  a  vacuum.     This,  xon 
deed,  follows  from  Henry's  law,  for  if  the  solubility  is  proportional  1 
to  the  pressure,  and  the  pressure  is  nil,  the  amount  of  gas  dissolved  J 
must  also  l)e  nil. 

The  molecules  of  gas  dissolved  by  a  Iit|uid  are  regarded  as  beinpj 
held  by  some  attractive  forces  exerted  between  them  and  the  mole*  \ 
cules  of  the  liquid  ;  in  the  course  of  their  movements,  gas  molecules 
are  constantly  leaving  and  entering  the  liquid,  and  equilibrium  ii 
established  nhen  the  same  number  enter  and  escape  from  the 
surface  of  the  liquid  in  the  same  lime.  When  the  pressure  is  in- 
creased, more  giis  m()leculeB  strike  the  surface  in  a  unit  of  time,  and 
consequently  a  greater  volume  is  absorbed.  When  a  solution  of  a 
soluble  gas  is  placed  in  an  atmosphere  of  another  gas,  the  dissolved 
gss  continues  to  leave  the  liquid  until  equihbrium  is  established 
between  the  pressure  exerted  by  the  gas  so  leaving  and  the  amount 
remaining  in  soltition.  For  this  reason  a  solution  of  ammonia, 
when  left  exposed  to  the  air,  mpidly  becomes  weaker,  owing  to 
the  esmpe  of  the  dissolved  gas  into  the  atmosphere.  This  process 
is  accelerated  if  a  stream  of  a  less  soluble  gas  be  caused  to  bubble 
through  the  solution. 
/  Solubility  of  Liquids  Id  Liquids. -The  solubility  of  liquids  inJ 
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liquids  may  be  divided  into  two  orders.  First,  cases  in  which  the 
degree  of  solubility  of  one  in  the  other  is  unlimited  ;  and  second, 
cases  where  the  extent  of  the  solubility  is  limited,  or  where  the 
liquids  are  said  to  be  partially  miscible.  Two  liquids  whose 
solubility  in  each  other  is  unlimited  are  said  to  be  misdble  in  all 
proportions;  thus  alcohol  and  water  are  capable  of  forming  a 
homogeneous  mixture  when  added  together  in  any  proportion. 

In  the  second  class,  where  the  solubility  of  two  liquids  for  each 
other  is  limited,  it  is  found  that  each  liquid  is  capable  of  dissolving 
some  of  the  other.  Thus,  if  equal  volumes  of  ether  and  water  are 
shaken  together,  the  liquids  will  afterwards  separate  out  into  two 
distinct  layers,  one  floating  upon  the  other.  The  heavier  layer  at 
the  bottom  is  an  aqueous  solution  of  ether,  containing  about  10  per 
cent,  of  ether ;  while  the  upper  liquid  is  an  ethereal  solution  of  water 
containing  about  3  per  cent,  of  water.  The  presence  of  ether 
dissolved  in  the  water  may  be  proved  by  separating  the  two  layers 
and  gently  heating  the  aqueous  liquid  in  a  small  flask,  when  the 
dissolved  ether  will  be  expelled  and  can  be  inflamed.  The  pre- 
sence of  the  water  in  the  ether  is  also  readily  proved,  cither  by 
introducing  into  the  liquid  a  small  quantity  of  dehydrated  copper 
sulphate,  which  will  rehydrate  itself  at  the  expense  of  the  water  in 
the  ether,  and  be  changed  from  white  to  blue  ;  or  by  placing  in  the 
ethereal  liquid  a  fragment  of  sodium,  which  decomposes  the  dis- 
solved water  with  the  liberation  of  hydrogen. 

~  'Another  illustration  of  two  partially  miscible  liquids  is  seen  in 
the  case  of  a  strong  aqueous  solution  of  potassium  carbonate 
and  strong  ammonia,  which  is  of  special  interest  as  being  the 
only  example  at  present  known  of  two  aqueous  solutions  of  in- 
organic substances  which  exhibit  this  phenomenon.*  Thus,  when 
strong  aqueous  ammonia  (sp.  gr.  0.880)  is  added  to  a  concen- 
trated solution  of  potassium  carbonate,  the  two  liquids  separate 
from  each  other  in  two  distinct  layers,  the  upper  layer  consisting 
of  ammonia  which  has  taken  up  a  certain  amount  of  potassium 
carbonate,  while  the  lower  Mquid  consists  of  a  solution  of  potassium 
carbonate  which  has  dissolved  a  definite  quantity  of  ammonia. 

In  most  cases  the  solubility  of  liquids  in  liquids  is  increased  by 
rise  of  temperature,  although  in  some  it  is  decreased.  As  an 
example  of  the  former,  the  case  of  these  two  aqueous  liquids  may 
be  quoted.  If  the  temperature  be  raised  then  the  solubility  of 
each  of  these  solutions  in  the  other  steadily  increases,  and  the 

•  Newth,  Trans,  Cktm.  Soc.,  1900,  p.  775. 
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composition  of  the  l«ri  layers  will  iherefore  gradually  approximate 
until  a  point  is  reached  at  which  they  become  identical.  This 
point  is  arrived  at  when  the  lempemtiire  reaches  about  43°,  and  al 
this  temperature,  therefore,  the  two  liquid?  are  miscihU  in  all 
prpporliom.  If  this  liquid  be  now  cooled  below  this  temperature, 
separation  into  the  \vio pkaiei,  as  it  is  termed,  at  once  begins,  and 
the  liquid  gradually  becomes  milky  or  turbid  owing  to  the  pre- 
cipitation from  it  of  the  heavier  solution  in  minute  drops. 

An  instance  of  decreased  solubility  by  rise  of  temperature  is 
seen  in  the  case  of  a  mixture  of  trie  thy  1  amine  and  water.  If  equal 
volumes  of  these  liquids  be  mixed  together,  at  a  temperature  below 
30',  complete  solution  taices  place,  and  a  single  homogeneous 
liquid  results.  On  warming  the  solution  it  becomes  turbid,  owing 
to  the  separation  of  ihe  liquid  into  two  portions,  which  ultimately 
settle  out  as  two  distinct  layers.  As  the  temperature  of  the  solu- 
tion approaches  20°,  the  liquid  becomes  very  sensitive  to  a  slight 
rise  of  lempeiaiurc,  the  heat  of  the  hand  being  sufficient  to  cause 
turbidity  in  the  solution. 

It  will  be  evident,  therefore,  from  these  considerations  that  the 
distinction  between  liquids  which  are  misribh  in  all  proportions 
and  those  which  are  only  partially  miscibU  is  after  all  only  an 
arbitrary  one,  the  difference  being  simply  a  function  of  the  tem- 
perature. It  is,  nevertheless,  a  convenient  distinction  to  make,  so 
long  as  we  understand  that  it  refers  to  liquids  at  the  ordinary 
temperature. 

I  Solution  of  Solids  In  Liquids.— When  a  solid  is  immersed  in 
a  liquid,  the  forces  which  oppose  the  solution  of  the  solid  are  the 
attraclive  forces  exerted  by  the  molecules  of  the  solid  upon  each 
other  and  those  of  the  liquid  upon  ihemselves.  The  forces  that 
lend  to  effect  soluiiim  are  the  attraclive  forces  exerted  by  the 
molecules  of  the  liquid  upon  the  molecules  of  the  solid,  and 
kinetic  energy  of  ihc  molecules. 

By  the  action  of  the  liquid,  ihe  attractive  force  between  the  mole- 
cules of  the  solid  is  diminished,  and  those  molecules  nearest  tlH^-^ 
surlace,  by  their  own  energy  and  the  attraction  exerted  by  the 
hquid,  pass  into  and  through  the  liquid.  In  the  course  of  their 
movements,  these  sometimes  return  to  the  solid,  and  a  condition 
of  equilibrium  is  finally  established  when  as  many  molecules  leave 
Ihe  surface  of  the  solid  as  return  to  it  in  a  given  time.     Under  these 
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I  Saturated  Solutions.— The  amount  of  solid  held  in  solution  by 
the  liquid  when  the  latter  is  saturated  depends  upon  the  tempera- 
ture, for  if  the  temperature  be  raised,  the  kinetic  energy  of  the 
molecules  is  increased,  and  consequently  an  increased  number  will 
become  detached  from  the  solid.  As  a  general  rule,  therefore,  the 
solubility  of  a  solid  in  a  liquid  is  increased  by  rise  of  temperature. 
A  saturated  solution  at  a  given  temperature  may  be  obtained  in 
two  ways,  namely,  by  maintaining  the  liquid  at  that  temperature 
and  stirring  into  it  an  excess  of  the  solid,  until  no  more  of  it  is  dis- 
solved ;  or  by  dissolving  a  larger  quantity  of  the  solid  at  a  higher 
temperature,  and  allowing  the  solution  to  stand  in  contact  with  an 
excess  of  undissolved  solid,  until  the  temperature  falls  to  the  specified 
point  During  the  cooling  the  amount  of  solid  that  the  liquid  had 
taken  up,  over  and  above  that  which  was  necessary  to  saturation 
at  the  lower  temperature,  is  deposited.. 
I  Supersaturated  Solutions.— The  condition  of  saturation  can 
only  be  determined  when  an  excess  of  the  undissolved  solid  is 
present  in  the  liquid  ;  for  when  a  solution,  which  is  not  in  contact 
with  any  of  the  undissolved  solid,  is  brought  to  the  point  of  satura- 
tion, either  by  cooling  or  by  evaporation  of  the  liquid,  it  frequently 
happens  that  no  separation  of  solid  takes  place.  Solutions  can  in 
this  way  be  obtained,  in  which  a  larger  amount  of  the  solid  remains 
dissolved  at  a  given  temperature  than  corresponds  to  the  amount 
required  to  form  a  saturated  solution  at  that  temperatare  :  such 
solutions  are  said  to  be  supersaturated.  If  into  such  a  supersatu- 
rated solution  a  fragment  of  the  solid  be  introduced,  molecules  of 
the  dissolved  solid  at  once  deposit  themselves  upon  it,  and  this 
separation  of  the  dissolved  substance  continues  until  the  solution 
reaches  a  state  of  concentration  corresponding  to  its  normal  satura- 
tion at  the  particular  temperature.  The  introduction  into  a  super- 
saturated solution  of  a  particle  of  the  solid,  in  respect  to  which  the 
solution  is  supersaturated,  is  the  only  sure  method  of  bringing 
about  the  separation  of  the  excess  of  the  dissolved  substance  ;  such 
a  solution,  therefore,  may  be  preserved  for  an  indefinite  time,  if  it  be 
kept  in  an  hermetically  sealed  vessel.  Minute  particles  of  the  solid 
towards  which  a  solution  is  supersaturated,  that  might  be  present 
in  the  dust  of  the  air,  falling  into  such  a  solution,  will  determine 
the  deposition  of  the  dissolved  solid. 

^  Ihe  phenomenon  of  supersatu ration  is  strictly  analogous  to  that 
of  supercooling,  or  the  suspended  solidification  of  fused  solids,  and 
ii  exhibited  most  readily -by  salts  containing  water  of  crystallisa- 
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tion,  such  as  sodium  acetate,  NaC,H]0B3H,0  ;  sodium  thiosul- 
phate,  NaiS,0^5H,0  ;  and  sodium  sulphate,  Na,SO(,10H,O. 
Thus,  if  a  small  quantity  of  water  be  poured  into  a  flask  nearly 
filled  with  crystallised  sodium  tliiosuiphate  (the  so-called  "Hypo" 
<d  the  photographer),  and  the  mixture  be  warmed  by  immersion  in 


1 

1 

/ 

/ 

1 

/ 

J 

/ 

^ 

/ 

/ 

r 

,/ 

i>^ 

'  \ 

' 

i 

^ 

^ 

7 

z 

J 

7 

^4 

hw* 

i^ 

/ 

==■ 

^ 

y 

/ 

f*- 

y 

— 

/ 

•'€■ 

— — 

ii- 

SO'    «o'    ao'   ex    rar 
T»m,p  eratur* . 


hot  water,  the  whole  of  [he  salt  will  dissolve  ;  and  if  the  solution  be 
then  allowed  to  cool  undisturbed,  it  will  assume  the  ordinary  tem- 
petalure,  and  still  remain  fluid.  If  into  the  supersaturated  solution 
a  crystal  of  the  salt  be  dropped,  the  excess  of  salt  present  in  solution 
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beyond  the  normal  quantity  for  saturation  at  that  temperature  will 
crystallise  out,  and  so  great  is  this  excess  that  the  contents  of  the 
flask  will  appear  practically  solid. 

.  The  different  solubility  of  various  solids  in  the  same  liquid,  and 
the  increased  solubility  by  rise  of  temperature,  is  graphically  shown 
in  Fig.  22,  where  the  solubility  curves  of  five  salts  in  water  are 
represented.  The  abscissae  indicate  temperatures,  and  the  ordi- 
nates  the  number  of  parts  of  salt  dissolved  by  100  parts  of  water. 

Thus  at  o**  180  grammes  of  water  will  dissolve  35.7  parts  of 
sodium  chloride,  and  as  the  temperature  is  raised  the  quantity  of 
salt  which  the  water  will  dissolve  very  slowly  increases,  until  at  100* 
the  amount  is  nearly  40  parts  :  sodium  chloride  is  therefore  nearly 
equally  soluble  in  water  at  all  temperatures. 

In  the  case  of  potassium  nitrate,  100  grammes  of  water  at  o'  will 
only  dissolve  13.3  grammes  of  the  solid,  but  as  the  temperature 
rises  the  amount*  capable  of  being  dissolved  by  this  quantity  of 
water  very  rapidly  increases,  until  at  75'  1 50  grammes  are  dissolved. 
Lead  nitrate  is  more  soluble  than  potassium  nitrate  between  o^  and 
50**,  but  above  this  point  it  is  not  so  soluble  as  the  other,  hence  the 
two  curves  intersect  at  that  temperature.  The  solubility  of  sodium 
sulphate  in  water  appears  at  first  sight  to  be  anomalous.  The 
solubility  at  first  rapidly  increases  with  rise  of  temperature  from 
0%  and  reaches  a  maximum  at  a  point  between  33*  and  34*,  when 
it  gradually  diminishes  with  further  rise  of  temperature.  This 
behaviour  is  in  reality  due  to  the  fact  that  we  are  not  dealing  with 
one  and  the  same  substance  throughout  the  experiment  Sodium 
sulphate  exists  as  a  solid  in  at  least  three  forms,  namely,  the 
decahydrate,  NajSO4,10H2O  (ordinary  Glauber's  salt)  ;  the  hepta- 
hydrate,  NajS04,7H20 ;  and  the  anhydrous  salt,  Na2S04.  The 
first  portion  of  the  curve  (Fig.  23)  represents  the  solubility  of 
Glauber's  salt  ;  thus,  at  20"  such  an  amount  of  this  decahydrated 
salt  is  dissolved,  that  the  solution  contains  20  grammes  of  Na^SOf 
in  100  grammes  of  water.  The  solubility  of  this  salt  rapidly  rises 
until  34**  is  reached,  at  which  temperature  the  salt  melts,  and  is 
then  miscible  with  water  in  all  proportions.  The  melted  salt  con- 
tains 78.8  parts  of  NajSOi  in  100  parts  of  water,  which  is  indicated 
as  the  highest  point  upon  its  curve  : — 


Na,SO,  U)H,0. 

23  +  23  +  32  4-  64  (2  +  16)  X  10 

~v ■"  "* . ' 

142  180 


180  :  100  B=  142  :  78.8. 
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The  decahydrated  salt  is  unable  to  exist  as  such  at  temperatures 
higher  ihan  34°,  and  when  the  melted  salt  is  healed  above  this 
point  it  is  convened  into  the  anhydrous  salt  and  water  satu- 
rated with  the  salt ;  therefore  above  34°  it  is  not  possible  to  have 
a  solution  of  sodium  sulphate  in  contact  with  solid  Glauber's 
salt.  It  can,  however,  be  in  contact  with  the  anhydrous  salt,  and 
the  second  portion  of  the  curve  expresses  the  solubility  of  this  com- 
pound in  water,  which  slowly  diminishes  as  the  temperature  rises. 
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Paradoxical  as  it  may  at  first  appear,  ii  is  possible,  by  gradually 
cooling  solutions  of  a  salt  in  water,  10  cause  them  to  become  either 
more  concentrated  or  more  dilute  according  to  circumstances.  It 
has  been  already  explained  (page  139)  that  when  a  dilute  solution 
of  a  salt  in  water  is  cooled  below  0°,  ice  only  separates  out. 
Obviously,  therefore,  the  solution  thai  remains  is  more  con- 
centrated than  at  first,  and  its  freezinjj-poinl  will  consequently  be 
lowered.  If  the  cooling  be  continued,  more  and  more  ice  separates 
out,  and  the  remaining  liquid  becomes  gradually  more  and  more 
concentrated  until  at  length  a  point  is  reached  when  the  solution 
is  saturated  for  that  particular  temperature.  If  cooled  below  this 
point  ice  still  separates,  but  as  the  solution  would  then  be  lupei- 
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saturated^  salt  also  separates  out ;  and  the  composition  of  the 
mixture  of  iqe  and  salt  which  thus  separates  is  the  same  as  that  of 
the  remaining  solution  ;  in  other  words,  the  solution  freezes  as 
though  it  were  a  pure  chemical  compound  of  the  water  and  the 
salt  in  solution.*  Such  a  solution  is  known  as  a  constant-freesinf^ 
solution,  or  sometimes  a  cryohydric  solution,  and  is  comparable 
with  such  constant-boiling  mixtures  as  are  obtained  by  distilling 
either  nitric  or  hydrochloric  acids  (sec  pages  239  and  367). 

If  now,  instead  of  starting  with  a  dilute  solution,  a  concentrated 
solution  is  gradually  cooled,  at  some  particular  temperature 
(depending  upon  the  degree  of  concentration  at  6rst)  the  solu- 
tion will  become  saturated  for  that  temperature.  Further  cooling 
below  this  point  will  then  cause  the  solution  to  deposit  some  of  the 
salt ;  and  the  liquid,  although  still  a  saturated  one  as  respects  this 
lower  temperature,  will  be  more  dilute.  As  the  cooling  continues, 
the  separation  of  the  salt  continues,  and  the  solution  therefore 
.becomes  more  and  more  dilute  (still  remaining  saturated  for  the 
lower  temperatures)  until  the  point  is  reached  when  the  solution  is 
of  such  a  strength  that  any  further  separation  of  salt  (;>.  dilution) 
would  yield  a  liquid  which  is  below  its  own  freezing-point  That 
is  to  say,  the  water  itself  now  begins  to  freeze  and  separate  along 
with  the  salt,  and  at  this  point  the  solution  has  reached  the  same 
constant-freezing  condition  as  in  the  former  case. 

Osmotic  Pressure. — When  a  dilute  solution  of  a  substance  in 
water  is  placed  in  a  vessel  closed  with  an  animal  membrane,  such 
as  bladder  (M,  Fig.  24X  and  the  whole  is  immersed  in  water  to 
such  a  depth  that  the  level  of  the  water  outside  is  coincident  with 
that  of  the  solution  within,  it  is  found  that  the  liquid  in  the  inner 
vessel  increases  in  volume,  as  seen  by  the  fact  that  it  gradually 
rises  in  the  narrow  stem  of  the  apparatus.  Water,  therefore,  from 
the  outer  vessel  must  have  passed  in  through  the  membrane,  and 
inasmuch  as  some  of  the  dissolved  substance  is  found  in  the  water 
of  the  outer  vessel,  some  of  the  solution  must  at  the  same  time 
have  made  its  escape  through  the  membrane.  After  the  liquid  has 
risen  to  a  certain  height  in  the  narrow  tube,  it  again  begins  to 
fell,  as  the  contained  solution  continues  to  penetrate  the  mem- 
brane. This  process  is  known  as  eitdosmose^  and  the  instrument 
described  is  called  an  endosmometer, 

•  At  one  time,  indeed,  such  solutions  were  believed  to  contain  definite 
chemical  compounds  of  the  salt  with  vrater,  which  were  called  cryohydraUs 
(Guthrie). 


155 


Introductory  Outlines 


Many  aitempls  were  made  to  establish  general  relations  between 
the  hcinht  to  which  the  liriuid  rose  in  the   narrow  tube  and   the 
(|uantities  of  substance  in  the  solution,  but  it  was  found  iin|)ossible 
lo  obtain  accurate  or  compitrable  measurements,  for  not  only  were 
the  results  disturbed  by  ihe  effect  of  the 
constantly  changing  pressure  upon  the  rate 
at  which  the  dissolved  substance  escaped 
through  the  membrane,  but  different  ani- 
mal membranes  yielded  different  results. 

Semi  perm  ea.ble  HembraDes.^li  was 
first  discovered  by  Traube  (1867),  and 
afterwards  extended  by  PfefTer  (1877),  that 
artitidal  membraties,  or  pellicles,  could  be 
obtained,  which,  while  alio  wing  of  the  pass- 
age of  water  through  them  just  as  in  the 
::  of  animal  membranes,  unlike  these 
materials,  they  offered  a  perfect  barrier  to 
[be  passage  of  many  substances  in  solu- 
tion in  the  water.  Such  pellicles  are 
known  as  semipermeable  membranes. 
The  material  that  has  been  found  most 
suitable  is  precipitated  copper  ferro- 
^  CTanide.  If  a  solution  of  copper  sulphate 
F  (CuSO,)  be  brought  cautiously  in  contact 
with  a  solution  of  potassium  ferrocyanide 
{K,Fe(CN)o),  at  the  point  where  the  two 
ir  pellicle  of  precipitated  copper  ferrocyanide 
(CujFe{CN)„)  is  produced.  In  order  to  make  use  of  this  extremely 
fragile  membrane,  Pfeffer  devised  the  plan  of  precipitating  it  within 
the  walls  of  a  vessel  made  of  unglaied  piorcelaiii.  A  small  clay 
cylindrical  cell,  after  thorough  cleansing,  was  filled  with  a  dilute 
solution  of  potassium  ferrocyanide,  and  immersed  in  dilute  copper 
sulphate.  Aslhesesolutinnsenlered  the  pores  of  the  clay,  and  there 
met,  a  membrane,  consisting  of  copper  ferrocyanide,  was  formed 
within  the  walls,  which  under  these  circumstances  was  sufficiently 
strong  to  withstand  a  pressure  of  live  or  six  atmospheres. 

If  such  a  cell,  furnished  with  a  semipermeable  membrane,  be 
employed  as  an  endosmometer,  and  a  dilute  solution,  say  of  sugar, 
be  placed  within  the  apparatus,  which  is  then  immersed  in  water, 
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remains  stationary.  Water  passes  through  the  membrane,  but  no 
dissolved  substance  passes  out..  At  first  more  water  penetrates 
inwards  than  passes'oul,  hence  the  increased  volume  of  liquid  in 
the  cell ;  but  when  a  certain 
pressure  is  reached,  repre- 
sented by  the  height  to  which 
the  liquid  rises  in  the  narrow 
tube,  equilibrium  Is  estab- 
lished, and  water  then  passes 
in  each  direction  at  equal 
rates.  The  pressure  at  which 
this  equilibrium  is  established 
is  called  the  osmetic  pressure 
of  the  solutioiL 

Fig.  35  shows  the  apparatus 
employed  by  Pfeffer,  3  is  the 
porous  cell,  in  the  walls 
of  which  the  semipermeable 
membrane  is  precipitated. 
Into  this  are  cemented  the 
glass  tubes  v  and  t,  the  latter 
being  attached,  in  the  manner 
indicated,  to  a  mercury  mano- 
meter, m.  When  the  cell  con- 
taining a  solution  is  immersed 
in  water,  the  increased  volume 
of  the  contained  liquid  that 
results  causes  a  compression 
of  the  air'  enclosed  in  the 
upper  part  of  the  apparatus, 
which  consequently  drives  up 
the  mercury  in  the  little  mano- 
meter, which  thus  aflbrds  a 
means  of  measuring  the  os- 
motic pressure  of  the  solution 

The  following  laws  in  rela- 
tion to  osmotic  pressure  have 
been  established  :— 
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2.  For  one  and  the  same  substance,  at  constant  temperature,  the 
pressure  exerted  is  proportional  tQ  the  concentration. 

3.  The  pressure  for  a  solution  of  a  given  concentration  is  pro- 
portional to  the  absolute  temperature,*  the  volume  being  kept 
constant. 

4.  Equimolecular  quantities  of  different  substances  (/>.  quanti- 
ties in  the  ratio  of  their  gramme-molecule  weights),  when  dissolved 
in  the  same  volume  of  solvent,  exert  equal  pressures  at  the  same 
temperature,  t 

The  analogy  between  these  laws  and  those  relating  to  gaseous 
pressure  is  very  close.  Thus  the  second  statement  corresponds 
with  Boyle's  law,  when  we  consider  the  term  concentration  to 
denote  the  quantity  of  gas,  that  is,  the  number  of  molecules,  in  a 
given  space ;  for  if  the  number  of  molecules  in  a  unit  space  be 
doubled,  the  gaseous  pressure  is  doubled,  and  if  the  number  of 
molecules  of  dissolved  substance  in  a  given  volume  of  water  be 
doubled,  the  osmotic  pressure  is  doubled. 

The  third  statement  corresponds  with  the  law  of  Charles  :  the 
volume  of  a  gas  is  proportional  to  the  absolute  temperature  ;  or,  if 
the  volume  be  maintained  constant,  the  pressure  exerted  by  a  gas 
is  proportional  to  the  absolute  temperature. 

Osmotic  pressure,  therefore,  just  as  gaseous  pressure,  increases 
with  rise  of  temperature  and  diminishes  with  f^ll  of  temperature. 

Again,  in  the  last  of  these  laws,  we  see  the  extension  of  Avogadro's 
hypothesis  into  the  region  of  solution.  Avogadro's  hypothesis 
states  that  equal  volumes  of  all  gases  contain  (under  similar  con- 
ditions) an  equal  number  of  molecules — that  is  to  say,  an  equal 
number  of  molecules  at  equal  temperatures  exert  the  same  pressure. 
But  an  equal  number  of  molecules  of  different  gases  represents  an 
amount  of  the  gases  in  the  ratio  of  their  molecular  weights,  hence 
Avogadro's  hypothesis  may  be  stated  :  equimolecular  quantities  of 
gases  at  the  same  temperature  exert  equal  pressures  ;  and  this 
statement,  as  we  have  seen,  is  only  true  of  molecules  which  do 
not  dissociate  when  they  pass  into  the  gaseous  state. 

This  close  analogy  between  the  gaseous  laws  and  those  regulat- 
ing the  behaviour  of  substances  in  dilute  solution  is  explained  on 

*  By  absolute  temperature  is  meant  the  number  of  degrees  above  -  273"  C. 

t  This  is  only  true  of  those  substances  whose  molecules  neither  dissociate 
into  simpler  forms  {«>,  non-electrolytes),  nor  associate  into  more  complex  groups 
when  in  solution.  . 
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the  assumption  that  the  molecules  of  the  dissolved  body  in  a  dilute 
solution  are  so  far  apart  that  their  mutual  attractive  forces  are 
reduced  to  a  minimum,  just  as  they  are  in  the  case  of  gaseous 
molecules,  and  that  only  such  properties  are  exhibited  by  them 
as  depend  upon  their  number  in  a  unit  space.  Further,  it  has 
been  shown  in  the  case  of  a  dilute  solution  of  sugar  that  the 
osmotic  pressure  (experimentally  determined)  is  the  same  as  the 
gaseous  pressure  that  would  be  exerted  by  the  weight  of  sugar 
present  in  the  solution,  if  it  were  converted  into  gas  and  made  to 
occupy  the  same  volume  as  that  occupied  by  the  solution  at  the 
same  temperature  ;  hence  the  general  statement 
that  tfu  pressure  exerted  by  a  substance  in  dilute 
solution  (its  osmotic  pressure)  is  the  same  as 
would  be  exerted  by  the  same  amount  of  the  sub- 
stance if  it  existed  as  gas  and  occupied  the  same 
volume  at  the  same  temperature, 

Dilfusion  of  Dissolved  Substances.— -If  a 

quantity  of  a  soluble  solid  substance  be  placed 
at  the  bottom  of  a  vessel,  which  is  then  filled 
with  water,  the  solid  dissolves,  and  a  layer  of  a 
strong  solution  is  formed  at  the  bottom.  In 
time,  however,  the  dissolved  substance  gradually 
diffuses  throughout  the  liquid.  This  process  of 
diffusion  may  be  illustrated  by  means  of  the 
experiment  represented  in  Fig.  26.  At  the 
bottom  of  the  tall  cylinder  is  placed  a  layer  of  \^ 
a  strong  solution  of  ferric  chloride,  and  upon 
this  is  carefully  poured  a  quantity  of  water  until 
the  cylinder  is  nearly  full.    Upon  the  top  of  the  Fig.  26. 

water  is  then  floated  a  solution  of  potassium 
thiocyanate  in  alcohol,  and  the  whole  is  allowed  to  remain  undis- 
turbed. The  ferric  chloride  will  gradually  diffuse  up  into  the  water, 
and  the  dissolved  thiocyanate  will  diffuse  down,  and  at  the  point 
where  these  salts  meet  they  will  interact  chemically  upon  each, 
giving  rise  to  a  blood-red  coloured  solution,  which  will  appear  as 
a  ring  about  midway  down  the  cylinder. 

This  phenomenon  of  the  diffusion  of  dissolved  substances  is 
strictly  comparable  with  the  diffusion  of  gases,  although  in  the 
former  case  the  operation  proceeds  with  extreme  slowness.  The 
force  which  impels  the  molecules  of  dissolved  substances  to  diffuse 
is  the  osmotic  pressure  of  the  substance  in  solution. 
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The  extension  of  the  gaseous  laws  into  the  domain  of  solu- 
tions necessitates  the  hypothesis  that  in  the  case  of  some  solu- 
tions the  molecules  of  the  dissolved  substance  unite  to  form 
more  complicated  molecular  associations  ;  while  in  other  cases 
(including  those  substances  which  are  electrolytes,  such  as  the 
solutions  of  strong  acids,  bases,  and  salts)  the  molecules  of  the 
substances  undergo  dissociation  into  their  ions.  For,  just  as  in 
the  case  of  gases  where  departures  from  the  strict  gaseous  laws 
are  seen  to  take  place,  on  account  of  the  dissociation  in  some 
instances,  and  the  association  in  others,  of  the  various  molecules  ; 
so  it  is  believed  that  the  deviations  from  the  strict  continuity  of 
the  ideal  gaseous  laws  into  the  realm  of  solution  are  due  to  the 
operation  of  similar  causes. 

Crystalline  Forms. 

When  a  saturated  solution  of  a  solid  in  a  liquid  is  either  cooled 
or  allowed  to  evaporate,  the  dissolved  solid  begins  to  deposit, 
and  it  does  so  in  most  cases  in  definite  geometric  shapes,  termed 
crystals.  (Solids  which  exhibit  no  crystalline  structure  are  said  to 
be  amorphous^ 

The  same  arrangement  of  molecules  into  geometric  forms  often 
takes  place  when  substances  in  a  state  ol  fusion  (as  distinguished 
from  solution)  pass  into  the  solid  condition,  as,  for  example,  when 
melted  sulphur,  or  mercury,  or  water  are  cooled  to  their  respective 
solidifying  points  ;  and  it  also  frequently  takes  place  when  vapours 
condense  to  the  solid  state. 

The  more  slowly  the  process  of  solidification  takes  place,  the 
larger  and  more  symmetrical  are  the.  crystals  that  are  formed. 

The  variety  of  geometric  forms  that  are  met  with  in  naturally 
occurring  and  artificially  produced  crystals  is  practically  infinite. 
They  are,  however,  susceptible  of  a  classification,  based  upon  their 
development  with  respect  to  certain  imaginary  planes,  called  the 
planes  of  symmetry.     These  are  planes  cut  through  the  crystal  in 
such  a  manner,  that  the  divided  portions  are  the  mirrored  reflec- 
tions the  one  of  the  other,  the  mirror  being  the  plane  itself.     All 
crystals  may  be   referred  to  one  or  other  of  six  great  families, 
according  to  their  Symmetry,  known  as  crystallographic  systems. 
I.  The  Regular  system.      Crystals  belonging  to  this  system 
have  nine  planes  of  symmetry,  namely,  three  principal 
planes  at  right  angles  to  each  other,  and  six  others  which 
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intersect  one  another  at  angles  of  60".  Forms  of  this 
system  (such,  for  example,  as  the  cube)  possess  the  highest 
possible  order  of  symmetry. 

II.  The  Hexagonal  system.  Crystals  having  seven  planes  of 
synunetry,  namely,  one  principal  plane,  normal  to  a 
vertical  axis  in  the  crystal,  and  six  other  planes  at  right 
angles  to  the  principal  plane,  and  intersecting  each  other 
at  angles  of  30'. 

III.  The  Quadratic  system.     Embracing  crystals  having  yfz/^ 

planes  of  symmetry,  namely,  one  principal  plane,  normal 
to  a  vertical  axis  in  the  crystal,  and  four  other  planes  at 
right  angles  to  the  principal  plane,  and  intersecting  each 
other  at  angles  of  45'. 

IV.  The   Rhombic  system.      Including  crystals    having   three 

planes  of  symmetry  at  right  angles  to  each  other. 

V.  The  Monosymmetric  or  Monoclinic  system.  Crystals  with 
only  one  plane  of  symmetry. 

VI.  The  Asymmetric  or  Triclinic  system.  Including  crystals 
which  have  no  plane  of  symmetry.  The  forms  belonging 
to  this  system  having  symmetry  with  respect  to  a  point 
only. 

This  system  of  classification  brings  the  various  crystalline  forms 
into  direct  relations  with  many  of  the  physical  properties  possessed 
by  crystals,  such,  for  example,  as  their  optical  characters  :  thus,  in 
the  Regular  system,  the  crystals  in  their  normal  condition  are 
singly  refracting  crystals — they  are  said  to  be  isotropic.  In  the 
Hexagonal  and  Quadratic  systems  they  are  optically  uniaxial; 
while  in  the  Rhombic^  Monosymmetric^  and  Asymmetric  systems 
they  arc  all  optically  biaxial. 

All  crystals  may  be  regarded  as  derivations  from  certain  typical 
forms  belonging  to  one  of  these  six  systems.*  One  of  the  simplest 
forms  of  each  system  is  the  double  pyramid,  which  in  the  hexagonal 
system  takes  the  shape  of  a  double  six-sided  pyramid,  and  in  the 
remaining  systems  that  of  a  double  four-sided  pyramid,  or  octa- 
hedron. Thus  we  have  the  regular  octahedron,  the  quadratic 
octahedron,  the  rhombic  octahedron,  and  so  on. 

By  the  development  of  certain  related  faces,  the  octahedron  passes 

♦  The  study  of  the  relations  between  the  various  derivatives  and  the  simpler 
types  forms  a  part  of  the  science  of  crystallography,  and  falls  outside  the  scofw 
of  a  general  chemical  text-book. 
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into  the  prism,  hence  we  get  the  quctdrcUic  prism,  the  rhofnbic  prism, 
the  hexagonal  prism,  &c.  It  will  be  obvious,  therefore,  that  the 
description  of  a  crystal  as  being  prismatic^  or  octahedral^  in  form, 
is  incomplete  unless  the  particular  system  to  which  it  is  referred  be 
also  stated. 

Crystals,  whether  naturally  occurring  or  artificially  obtained,  very 
seldom  exhibit  the  perfect  symmetry  of  the  ideal  form.  By  great 
care,  however,  in  regulating  the  formation  of  a  crystal,  by  the 
maintenance  of  a  constant  temperature,  and  controlling  the  rate  of 
evaporation  of  the  solvent,  it  is  possible  to  cause  crystals  to  grow 
in  such  a  way  that  they  will  approach  very  closely  to  the  ideal 
geometric  form.  Fig.  149  ♦  represents  crystals  of  alum,  in  the  form 
of  regular  octahedra,  or  double  four-sided  pyramids,  which  were 
obtained  by  careful  crystallisation  from  aqueous  solution  ;  and  it 
will  be  seen  how  near  to  the  ideal  they  approach.  In  Fig.  no,* 
also,  are  seen  illustrations  of  crystals  of  sulphur,  in  the  form  of 
rhombic  octahedra.  These  crystals  were  produced  by  the  carefully 
controlled  deposition  of  the  sulphur,  from  a  solution  of  the  element 
in  carbon  disulphide,  and  they  illustrate  the  kind  of  variations  in 
the  form  that  are  introduced  by  the  development  of  new  faces. 
Fig.  1 50  ♦  shows  a  group  of  naturally  occurring  crystals,  namely, 
quartz,  in  the  form  of  hexagonal  prisms,  terminating  in  hexagonal 
pyramids. 

In  order  to  determine  the  system  to  which  a  given  crystal  be- 
longs, it  is  necessary  to  make  a  number  of  accurate  measurements 
of  its  angles,  and  since  the  inclinations  of  the  faces  to  one  another 
bear  geometric  relations  to  the  planes  of  symmetry,  and  the  in- 
clinations of  these  planes  towards  each  other,  these  latter  may  be 
calculated  from  the  former  values.  The  instruments  by  means  of 
which  such  measures  are  made  are  termed  goniometers. 

Two  or  more  substances  which  crystallise  in  the  same  form  are 
said  to  be  isomorphous  {^^^  page  51),  and,  on  the  other  hand,  a 
substance  which  is  capable  of  crystallising  in  two  forms  which  do 
not  belong  to  the  same  system  is  termed  a  dimorphous  substance. 
Thus  sulphur  is  dimorphous,  as  it  is  capable  of  crystallising  in  the 
form  of  r//tfw^/V  octahedra  (Fig.  1 10),  and  in  monosymmetric  prisms 
(Fig.  III). 

Occasionally  a  dimorphous  substance  is  isomorphous  with  another 
dimorphous  body,  in  both  its  forms.  To  this  double  isomorphism 
the  term  isodimorphism  is  applied. 

*  From  a  photograph  of  the  actual  crystals. 


CHAPTER   XV 

THERMO'CHEMISTRY 

We  have  seen  that  by  means  of  symbols  and  fonnulae  chemists 
express,  in  the  form  of  equations,  a  certain  amount  of  information 
respecting  chemical  changes:  thus  by  the  equation  C4-02™C02 
there  are  conveyed  the  facts,  that  carbon  unites  with  oxygen  to 
form  carbon  dioxide,  that  12  grammes  of  carbon  combine  with  32 
grammes  of  oxygen,  yielding  44  grammes  of  carbon  dioxide,  and 
that  the  volu^ie  of  the  gaseous  carbon  dioxide  obtained  is  the 
same  as  that  of  the  oxygen  taking  part  in  its  formation.  All  such 
equations  bear  upon  the  face  of  them  the  truth,  that  matter  can 
neither  be  destroyed  nor  created,'  The  total  quantity  of  matter 
taking  part  in  the  action  is  unaltered  by  the  process,  although  it 
appears  in  altered  form  in  the  products  of  the  reaction. 

In  all  chemical  changes,  besides  matter,  energy  also  takes  a 
part ;  not  only  do  the  materials  concerned  undergo  rearrangement 
or  readjustment,  but  at  the  same  time  there  is  a  rearrangement  or 
readjustment  of  energy.  This  energy  change  is  not  expressed  by 
the  ordinary  symbolic  equation.     Thus  in  the  equation — 

S03+HjO  =  H,.S04 

the  fact  is  embodied  that  80  grammes  of  sulphur  trioxide  combine 
with  18  grammes  of  water  and  form  98  grammes  of  sulphuric  acid; 
but  the  equation  takes  no  cognisance  of  the  fact,  that  when  these 
weights  of  these  two  substances  unite  to  form  98  grammes  of  sul- 
phuric acid  an  amount  of  energy,  in  the  form  of  heat,  is  disengaged 
that  would  raise  the  temperature  of  213  grammes  of  water  from  o* 
to  the  boiling-point. 

Similarly,  in  the  equation  2NCl3=N2  +  3Cl2  there  is  no  recogni- 
tion of  the  fact  that  during  this  change  an  enormous  amount  of 
energy  leaves  the  system  in  the  form  of  external  work  (over- 
coming the  atmospheric  pressure) ;  in  other  words,  that  the  con- 
version of  nitrogen   trichloride  into  its  constituent  elements  is 

attended  with  the  most  violent  explosion. 
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Energy,  like  mailer,  ciin  neither  be  created  ncir  destroyed,  but  as 
a  result  of  chemical  aciion  it  reappears  as  energy  in  another  form. 
Thus  it  may  appear  as  heal,  as  electrical  energy,  as  kinetic 
energy,  or  as  chemical  energy  ;  and  just  as  ihc  total  amount  of 
matter  taking  part  in  a  chemical  change  reappears  in  altered  form 
in  tlie  products  of  the  change,  so  ihe  disappearance  of  energy  in 
any  of  its  forms  gives  rise  to  the  reappearance  of  3  proportionate 
amount  of  energy  in  another  form.  This  is  the  Jaw  of  l/u  eanscrva- 
tion  oftHeTj^,  which  iiay  t*  'hus  slated  :  •  "  The  total  energy  efauy 
materif^  system  is  a  qwintily  •which  can  neither  be  increased  nor 
liiminished  by  any  action  between  the  ptvtt  of  the  system,  although 
it  may  he  transform/:/!  into  any  of  the  forms  of  -which  energy  is 
susceptible." 

Chemical  energy,  or  thai  form  of  energy  that  is  set  free  during 
chemical  processes,  cannot  be  measured  by  ;iny  direct  method. 
This  energy,  however,  is  generally  Iransformed,  during  chemi- 
cal change,  into  heat,  and  may  therefore  be  measured  by,  and 
expressed  in,  heat  units,  Thermo-chemislry  may  therefore  be 
defined  as  the  science  of  the  thermal  changes  whicli  accompany 
chemimt  changes. 

All  mailer  is  regarded  as  containing  a  certain  amount  of  energy 
in  some  form,  and  the  purpose  of  ihermo-chemistry  is,  by  measur- 
ing the  thermal  disturbance  thai  is  conditioned  by  a  chemical 
change,  10  ascertain  the  difference  between  the  amount  of  energy 
contained  in  a  system  before  and  after  such  a  change. 

If  all  ihe  energy  of  a  system  in  its  original  state  {i.e.  before  the 
chemical  change  takes  place)  thai  undergoes  transformation  into 
other  forms  of  energy  passes  into  heat  ;  if  none  of  it  leaves  ihe 
sysiem  as  energy  in  some  other  form,  and  thereby  escapes  mea- 
surement ;  tjen  Ihe  difference  between  the  amount  of  energy 
contained  in  the  system  in  its  original  and  its  final  stale  inay  be 
ascertained.  It  by  no  means  follows,  however,  that  this  represents 
the  chemical  energy  alone  ;  it  has  already  been  explained  that 
chemical  changes  are  always  attended  by  physical  changes,  such 
as  change  of  volume,  of  physical  slate,  and  so  on,  and  we  have 
also  learned  that  such  physical  changes  are  likewise  accompanied  by 
thermal  changes;  ihc  problem,  therefore,  isoflen  a  complicated  one, 
and  it  is  not  always  possible  to  difFercnliate  between  the  chemical' 
and  the  physical  causes  that  may  be  operating  simultaneously,  and 
tn  decide  what  share  of  the  final  result  is  due  to  the  chemical  phasi 
*  l^leik  Maxwdl,  "  Maiu:.  and  Molion.' 
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of  the  change,  and  what  to  the  physical  change  that  simultaneously 
takes  place. 

As  an  illustration  of  the  complex  nature  of  chemical  reactions 
when  considered  from  a  thermal  standpoint,  and  of  the  disturbing 
effect  of  the  accompanying  physical  changes,  we  may  take  the  case 
of  the  action  of  aqueous  hydrochloric  acid  upon  crystallised  sodium 
sulphate,  Na2SO4,10H2O— 

Na2SO4,10H2O  +  2HCl  =  :iNaCl  +  H^SO4+10H2O. 

The  chemical  action  here  consists  of  (i)  the  decomposition  of 
sodium  sulphate,  (2)  the  decomposition  of  hydrochloric  acid,  (3) 
the  formation  of  sodium  chloride,  (4)  the  formation  of  sulphuric 
acid.  Heat  is  absorbed  by  the  first  two  portions  of  the  action,  and 
heat  is  evolved  by  the  other  two.  The  physical  changes  include 
the  passage  of  ten  molecules  of  water  of  crystallisation  (/.^.  solid 
water)  into  liquid  water,  and  the  solution  of  sodium  chloride  in 
water.  These  changes  are  attended  with  absorption  of  heat,  and 
the  net  result  of  the  entire  change  is  the  disappearance  of  a  con- 
siderable amount  of  heat,  that  is  to  say,  the  diermal  value  of  the 
reaction  is  a  negative  quantity. 

The  methods  adopted  in  order  to  express  thermo-chemical 
reactions  are  quite  simple.  The  ordinary  chemical  symbols  and 
formulae  are  used,  and  represent,  in  all  cases,  quantities  in  grammes 
corresponding  to  the  formula- weights  of  the  substances.  Thus  CI 
represents  35.5  grammes  of  chlorine  ;  HjO  stands  for  18  grammes 
of  water,  and  so  on.  The  chemical  equation  is  followed  by  a 
number  representing  the  quantity  of  heat,  expressed  in  heat  units, 
which  is  either  produced  or  which  disappears  as  a  result  of  the 
change.  The  unit  of  heat  is  the  calorie^  or  the  quantity  of  heat 
that  is  capable  of  raising  the  temperature  of  i  gramme  of  water  from 
0°  to  1°.  Sometimes  the  unit  employed  is  the  quantity  of  heat 
required  to  raise  i  granmie  of  water  from  o**  to  100',  and  this  unit 
(which  is  100  times  greater  than  the  calorie)  is  indicated  usually 
by  the  letter  K.  When  heat  is  produced  by  a  chemical  change, 
the  sign  +  is  placed  in  front  of  the  number  of  units,  and  when 
heat  disappears,  the  fact  is  indicated  by  the  sign  - . 

Thus  the  equation — 

H2+Clj=2HCl+44,ooo  cal. 
or  H24-Clj=2HCl-h440  K, 

means   that  when  2  grammes    of   hydrogen  con:ibm&  v{\\kw  iv 
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grammes  of  chlorine  to  form  gaseous  hydrochloric  acid,  heat  is 
disengaged  to  the  amount  of  44,000  calories,  or  440  of  the  larger 
units,  K.  Or,  in  other  words,  that  when  these  quantities  of  these 
substances  combine,  an  amount  of  energy  is  lost  to  the  system, 
represented  by  44,000  calories.  Therefore  the  energy  possessed 
by  2  grammes  of  hydrogen  and  71  grammes  of  chlorine  is  greater 
than  that  possessed  by  73  grammes  of  hydrochloric  acid  gas  by  an 
amount  which  is  represented  by  44,000  gramme-units  of  heat 
Hence  the  equation  may  be  written — 

2H  CI  =  H, + CI  J  -  44,000  cal. 

which  signifies  that  when  73  grammes  of  gaseous  hydrochloric  acid 
are  decomposed  into  chlorine  and  hydrogen,  it  is  necessary  to 
supply  an  amount  of  energy  equal  to  44,000  calories. 

In  order  to  indicate  the  state  of  aggregation  of  the  different  sub- 
stances, the  method  introduced  by  Ostwald  consists  in  the  use  of 
different  type,  thick  type  being  employed  to  denote  solids,  ordinary 
type  indicating  liquids,  and  italics  signifying  gases,  thus — 

0 + 6^2 = CO^ + 97,000  cal. 

means  that  the  total  energies  of  12  grammes  of  solid  carbon  and 
32  .grammes  of  gaseous  oxygen  is  greater  than  the  energy  pos- 
sessed by  44  grammes  of  gaseous  carbon  dioxide  by  an  amount 
equivalent  to  97,000  calories. 
Or,  again,  the  equation — 

S03+HjO«HjSO4  4-2i,32o  cal. 

signifies  that  80  grammes  of  solid  sulphur  trioxide  unites  with  18 
grammes  of  liquid  water  and  forms  98  grammes  of  liquid  sulphuric 
acid,  with  the  liberation  of  21,300  gramme-units  of  heat. 

Similarly,  the  heat  evolved  by  the  passage  of  water  into  ice,  and 
the  heat  that  disappears  when  water  passes  into  steam,  may  be 
expressed  by  the  equations — 

H^O = H2O  + 1440  cal. 
H20  =  iVjO- 9670  cal. 

when  water  takes  a  direct  part  in  the  chemical  change,  as,  for 
example,  in  the  action  of  sulphur  trioxide  and  water  already  quoted, 
the  formula  represents  a  gramme-molecule  just  as  in  all   other 
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cases  ;  but  where  the  presence  of  a  large  quantity  of  water  affects  the 
thermal  result  of  the  chemical  change,  by  exerting,  for  example,  a 
solvent  action,  the  symbol  Aq  is  employed  to  signify  that  the  pre- 
sence of  the  water  is  considered  in  Uie  thermal  expression. 
Thus  the  expression — 

//^r + Aq  =  H  BrAq  4- 1 9,900  cal. 

signifies  that  when  %\  grammes  of  gaseous  hydrobromic  acid  are 
dissolved  in  a  large  excess  of  water,  19,900  calories  are  evolved. 
Again,  the  equation — 

//, + Br^  +  Aq  =  2H  BrAq  +  64,000  cal. 

means  that  when  160  grammes  of  gaseous  bromine  combine  with 
2  grammes  of  hydrogen,  and  the  product  is  dissolved  in  an  excess 
of  water  (/>.  such  a  quantity  of  water  that  no  thermal  change  is 
produced  by  the  addition  of  any  further  quantity),  64,000  calories 
are  disengaged.  Of  this  64,000  calories,  19,900x2  =  39,800  are 
due  to  the  solution  of  the  twice  81  grammes  of  hydrobromic  acid, 
and  the  difference,  viz.,  24,000  calories,  represent  the  heat  produced 
by  the  combination  of  2  grammes  of  hydrogen  with  160  grammes 
of  bromine. 

If  water  is  formed  as  one  of  the  products  of  the  chemical  reaction 
taking  place  in  the  case  of  substances  in  aqueous  solution,  such  as 
when  a  solution  of  hydrochloric  acid  is  added  to  a  solution  of 
sodium  hydroxide,  HCl  +  NaH0  =  NaCl+H20,  as  the  water  so 
produced  simply  mixes  with  the  water  in  which  the  materials  are 
dissolved,  without  producing  any  thermal  effects  by  so  doing,  it  is 
usually  neglected  in  energy  equations  ;  although,  as  already  stated 
(page  109),  when  explained  from  the  standpoint  of  the  ionic  theory, 
the  heat  of  neutralisation  is  here  due  to  the  formation  of  mole- 
cules of  water  by  the  union  of  H*  ions  with  HO'  ions.  Thus  the 
above  action  may  be  expressed — 

HClAq4-NaHOAq  =  NaClAq4- 13,736  cal 

The  heat  that  is  produced,  or  that  disappears,  in  a  chemical 
change  which  results  in  the  formation  of  a  particular  compound 
is  termed  the  heat  of  formation  of  that  compound.  Thus  in  the 
equation — 

H^-\-Cl2=^HCl-\-^^,ooo  cal. 

the  heat  of  formation  of  73  granmies  of  hydrochloric  acid  is  44^000 
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thermal  units.  This  number,  however,  is  in  reality  the  algebraic  sum 
of  three  quantities.  It  does  not  express  merely  the  heat  developed 
by  the  simple  union  of  chlorine  and  hydrogen.  The  chemical 
change  expressed  by  the  equation  consists  in  reality  of  three 
operations — 

(I.)  H2=H  +  H.    (2.)Cl2-Cl+CL    (3.)CI  +  C1  +  H  +  H=2HCL 

Each  of  these  operations  represents  a  distinct  thermal  effect ;  in 
Nos.  (i)  and  (2)  heat  is  absorbed,  in  No.  (3)  heat  is  evolved,  and 
calling  these  values  A|,  h^  and  ^,  we  have  as  the  net  result 
Aj  -  (^1 + ^2)  =«  44,000  cal. 

The  number  of  heat-units,  therefore,  which  expresses  the  heat  of 
formation  of  hydrochloric  acid  is  the  heat  produced  by  the  union  of 
two  atoms  of  hydrogen  with  two  atoms  of  chlorine,  minus  the  heat 
absorbed  in  the  decomposition  of  one  hydrogen  and  one  chlorine 
molecule. 

Compounds  such  as  hydrochloric  acid,  in  the  formation  of  which 
heat  is  developed,  are  termed  exothermic  compounds,  the  reaction 
by  which  they  are  produced  being  an  exothermic  change ;  com- 
pounds, on  the  other  hand,  whose  heats  of  formation  are  expressed 
by  a  negative  sign,  that  is,  in  whose  formation  heat  disappears,  are 
distinguished  as  endothermic  compounds^  and  the  reactions  by 
which  they  are  formed  are  endothermic  reactions. 

Thus  C  +  S2=CS2—  19,600  cal, 

signifies  that  in  the  formation  of  carbon  disulphide  heat  is  absorbed, 
and  the  compound  is  therefore  an  endothermic  compound. 

Thermo-chemical  determinations  are  made  by  means  of  instru- 
ments termed  calorimeters.  These  are  of  great  variety,  although 
the  principle  involved  is  the  same.  The  chemical  reaction  is  caused 
to  take  place  under  such  circumstances,  that  the  whole  of  the  heat 
that  is  liberated  shall  be  communicated  to  a  known  volume  of 
water,  at  a  known  temperature.* 

Direct  determinations  of  the  thermal  value  of  chemical  changes 
have  hitherto  been  made  in  only  a  limited  number  of  comparatively 
simple  cases  ;  it  is  possible,  however,  from  a  few  known  data,  to  cal- 
culate the  thermal  values  of  a  number  of  changes  which  cannot  be 
directly  measured.     This  depends  upon  the  fundamental  principle 

*  For  descriptions  of  the  various  calorimeters,  see  treatises  on  Physics. 
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of  thenno-chemistry,  which  is  itself  the  corollary  of  the  law  of  the 
conservation  of  energy,  and  which  was  first  experimentally  proved 
by  Hess  (1840).  This  principle,  which  is  sometimes  termed  the  law 
of  constant  heat  consummation^  or  the  law  of  equivalence  of  heat 
and  chemical  change^  may  be  thus  stated :  The  amount  of  heat 
that  is  liberated  or  absorbed,  during  a  chemical  process,  is  de- 
pendent solely  upon  the  initial  and  final  states  of  the  system,  and  is 
independent  of  the  intermediate  stages.  The  following  examples 
will  serve  to  explain  the  application  of  the  principle  : — 

1.  Let  us  suppose  it  is  desired  to  find  the  heat  of  formation  of 
carbon  monoxide,  the  data  at  our  disposal  being  (i)  the  heat  pro- 
duced when  carbon  unites  with  oxygen  to  form  carbon  dioxide  ;  and 
(2)  the  heat  formed  by  the  combustion  of  carbon  monoxide  to 
carbon  dioxide.    The  thermal  equations  are — 

(i)  0+ 6^2= C6>2 + 97,000  cal. 

(2)  2C(7+08=2C(?,+ 136,000  caL 

Halving  the  second  equation,  in  order  to  get  the  heat  produced 
in  the  formation  of  44  grammes  of  carbon  dioxide  (/>.  the  same 
weight  as  in  the  first),  we  may  represent  the  equation  as — 

CO^-O^CO^'\- 68,000  cal.* 

The  difference  between  the  two  values  97,000  and  68,000  will  be 
the  heat  of  formation  of  carbon  monoxide,  therefore  we  get  the 
equation — 

0  +  0=  CO  +  29,000  cal. 

2.  The  compound,  methane  (marsh  gas),  CH4,  cannot  be  formed 
by  the  direct  union  of  its  elements,  but  its  heat  of  formation  can 
be  calculated  by  the  applicartion  of  this  principle.  The  data  in 
this  case  are  the  ascertained  heats  of  formation  of  carbon  dioxide 

*  It  must  be  remembered  that  this  equation  does  not  express  the  whole 
truth  :  as  it  here  stands  it  would  imply  that  68,000  calories  represent  the  heat 
formed  by  the  simple  chemical  union  of  98  grammes  of  carbon  monoxide  with 
16  grammes  of  oxygen.  In  reality  this  number  is  half  the  sum  of  the  two 
values,  namely,  the  heat  of  combination  of  56  grammes  of  carbon  monoxide 
with  32  grammes  of  oxygen,  minus  the  heat  absorbed  by  the  decomposition  of 
32  grammes  of  oxygen  molecules  into  their  constituent  atoms.  The  oxygen 
atom  does  not  exist  alone,  and  whenever  free  oxygen  takes  part  in  a  chemical 
change  the  molecules  of  the  element  are  first  separated  iato  theic  vAotoak. 
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and  of  water,  and  the  heat  produced  by  the  combustion  of  marsh 
gas,  the  thermal  equations  being — 

(i)  0 +  6>2=C6>j  + 97,000  cal. 

(2)  2//i+02  =  2//20+ 136,800  cal. 

(3)  C//4  +  2^2=  C02  +  2//j(9+ 2 12,000  cal. 

The  difference  between  the  thermal  value  of  the  last  process  and 
the  sum  of  the  first  and  second  represents  the  heat  of  formation  of 
marsh  gas — 

97,000+136,800—212,000=21,800, 

hence  we  get  the  expression — 

0  +  2//,=  C//4  +  2i,8oocal. 


PART    II 

THE  STUDY  OP  POUR  TYPICAL  ELEMENTS 

HYDR06EN-0XY6EN-NITR06EN-CARB0N 

AND  THEIR  MORE  IMPORTANT  COMPOUNDS 


CHAPTER    I 

HYDROGEN 

Symbol,  H.    Atomic  weight =i.oz.     Molecular  weight =2. 02.    Density=i.oi. 

History. — The  existence  of  hydrogen  as  an  individual  sub- 
stance was  first  established  by  Cavendish  (1766),  who  applied  to  it 
the  name  inflamnuUtle  air.  He  obtained  the  gas  by  acting  upon 
certain  metals,  as  iron,  tin,  and  zinc,  with  either  sulphuric  or  hydro- 
chloric acid. 

Oecurrence. — In  the  free  state  hydrogen  occurs  only  in  small 
quantities  upon  the  earth.  It  is  evolved  with  other  volcanic  gases, 
and  is  present  in  the  gases  which  escape  from  petroleum  wells. 
It  is  evolved  also  during  the  fermentation  and  decomposition  of 
certain  organic  compounds,  and  is  therefore  present  in  the  breath 
and  the  intestinal  gases  of  animals.  From  these  sources  it  finds 
its  way  into  the  atmosphere,  where  it  is  present  to  the  extent  of 
about  .2  volumes  in  1000  volumes  of  air.  Hydrogen  has  also  been 
found  in  many  specimens  of  meteoric  iron,  and  also  in  certain 
rocks,  where  it  is  present  as  occluded  %2ls. 

Hydrogen  in  the  uncombined  state  exists  in  enormous  masses 
upon  the  sun,  and  is  present  in  certain  stars  and  nebulae.  The 
so-called  prominences  which  are  seen  projecting  from  the  sun's 
disk  to  a  distance  of  many  thousands  of  miles,  and  which  were 
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first  observed  during  solar  eclipses,  consist  of  vast  masses  of  in- 


!xtremely 


candescent  hydrogen. 

In   combination   with   other  elements   hydrogen    i 
abundant ;  its  commonest  compound  is  water,  nhicl 
one  part  by  weight  of  this  element  combined  with  eight  parts  of 
ojtygeo.     In  combination  wiih  chlorine,  as  hydrochloric  acid,  with 
carbon  as  marsh  gas,  and  with  sulphur  as  sulphuretted  hydrogen, 
this  element  also  occurs  in   large  quantities.     All   known  : 


contain  hydrogen  as  one  of  their  c< 
almost  all  organic  compounds. 

Modes  of  FOPmatlon.— (i.)  Hydrogen  may  be  obtained  from  J 
water  by  ihe  action  of  various  metals  upon  that  compound  under '1 
certain  conditions.  The  metals  sodium  and  potassium  will  decom- 
pose water  at  the  ordinary  temperatures ;  when,  therefore,  a  frag- 
ment of  either  of  these  metals  is  thrown  upon  water,  the  latter  is 
decomposed  and  hydrogen  set  free  :— 

H,0  +  Na=NaHO  +  H. 


Hydrogen 
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The  metals,  being  lighter  than  water,  float  upon  its  surface,  and, 
owing  to  the  heat  of  the  reaction,  melt  and  roU  about  upon  the 
liquid  as  molten  globules.  With  potassium,  the  heat  developed  is 
sufficiently  great  to  cause  the  hydrogen  to  inflame,  and  it  bums 
with  a  flame  coloured  violet  by  the  vapour  of  the  metal.  The 
hydroxide  of  the  metal,  which  is  the  second  product  of  the  action, 
dissolves  in  the  excess  of  water,  rendering  the  liquid  alkaline. 
The  alkalinity  of  the  solution  may  be  made  evident  by  the  addition  of 
a  reddened  solution  of  litmus,  which  will  be  turned  blue  by  the  alkali. 

In  order  to  collect  the  hydrogen  evolved  by  the  action  of  sodium 
upon  water,  the  metal  is  placed  in  a  short  piece  of  lead  tube  closed 
at  one  end,  which  causes  it  to  sink  in  the  liquid,  and  an  inverted 
glass  cylinder  filled  with  water  is  placed  over  it,  as  shown  in  Fig.  27. 
The  evolved  hydrogen  then  rises  as  a  stream  of  bubbles  into  the 
cylinder  and  displaces  the  water.^ 


Fir,.  28. 

(2.)  Water  may  be  readily  decomposed  at  the  boiling-point, 
by  means  of  zinc,  if  the  metal  be  previously  coated  with  a  thin 
film  of  copper  by  immersion  in  a  dilute  solution  of  copper  sul- 
phate. W^hen  this  copper-coated  zinc  (known  as  zinc -copper 
couple)  is  heated  in  a  small  flask  filled  with  water,  and  provided 
with  a  delivery  tube,  the  oxygen  of  the  water  combines  with  the 
zinc  forming  zinc  oxide,  and  hydrogen  is  evolved,  which  may  be 
collected  over  water  at  the  pneumatic  trough  :  * — 

Zn  +  H20  =  ZnO  +  H2. 


*   For  detailed  description  of  these  experiments,  see  Newth's  ' 
Lecture  Experiments,"  p.  2. 
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(3.)  At  a  still  higher  temperature,  water  in  the  state  of  steam  can 
be  readily  decomposed  by  the  metal  magnesium,  magnesium  oxide 
being  formed  and  hydrogen  liberated  : — 

Mg  +  HjO=MgO  +  Hj. 

For  this  purpose  the  magnesium  is  strongly  heated  in  a  glass 
bulb  (Fig.  28),  while  steam  from  a  small  boiler  is  passed  over  it. 
As  the  temperature  of  the  metal  approaches  a  red  heat  it  bursts 
into  flame,  and  the  issuing  hydrogen  may  be  ignited  as  it  escapes 
from  the  end  of  the  tube. 

(4.)  If  iron  be  heated  to  bright  redness  and  steam  be  passed 
over  it,  the  water  is  decomposed,  the  oxygen  uniting  with  the  iron 


Fig.  29. 

to  form  an  oxide  known  as  triferric  tetroxide,  or  magnetic  oxide  of 
iron^  thus — 

3Fe  +  4H20  =  Fe304  +  4H2. 

This  method  is  employed  on  a  large  scale  for  the  preparation  of 
hydrogen  for  commercial  purposes.  Iron  borings  or  turnings  are 
packed  into  an  iron  tube,  which  is  strongly  heated  in  a  furnace, 
and  steam  from  a  boiler  is  passed  through  the  tube. 

(5.)  For  laboratory  purposes  hydrogen  is  most  conveniently  pre- 
pared by  the  action  of  dilute  sulphuric  acid  upon  zinc  : — 

Zn  +  H5.S04=ZnS04+H2. 

For  this  purpose  granulated  zinc  {i.e,  zinc  which  has  been  melted 
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and  poured  into  water)  is  placed  in  a  two-necked  Woulf  s  bottle 
(F'ig.  29),  and  a  quantity  of  sulphuric  acid,  previously  diluted  with 
six  limes  its  volume  of  water,  is  introduced  by  means  of  the  funnel. 
A  brisk  action  sets  in,  and  hydrogen  is  rapidly  disengaged.  After 
the  lapse  of  a  few  mijiutes  the  air  within  the  apparatus  will  be 
swept  out  by  the  hydrogen,  when  the  gas  may  be  collected  over 
water  in  the  pneumatic  trough. 

The  hydrogen  so  obtained  is  never  absolutely  pure ;  it  is  liable  to  contain 
traces  of  arsenuretttril  hydrogen,  sulphuretted  hydrogen,  phosphoretted  hydro- 
gen, oxides  of  nitrogen,  and  nitrogen.  The  nitrogen  is  derived  from  the  air, 
which  finds  its  way  through  joints  in  the  apparatus,  and  also  from  air  dissolved 
in  the  acid.  There  is  no  known  process  for  removing  this  impurity.  The 
other  gases  are  due  to  impurities  in  the  zinc  and  the  sulphuric  acid,  and  can 
be  removed,  if  required,  by  passing  the  hydrogen  through  a  series  of  tubes 
containing  absorbents  (see  page  sxo). 

Absolutely  pure  sulphuric  acid,  even  when  diluted  with  water, 
has  no  action  upon  perfectly  pure  zinc. 

Scrap  iron  may  be  substituted  for  zinc,  but  the  hydrogen  so 
obtained  is  much  less  pure,  and  is  accompanied  by  compounds  of 
carbon  (derived  from  the  carbon  in  the  iron),  which  impart  to  the 
gas  an  unpleasant  smell ;  the  reaction  in  this  case  is  the  following: — 

Fe-f  HjSO^^  FeS04-»- H,. 

Hydrochloric  acid  can  be  employed  in  place  of  sulphuric  acid 
with  either  zinc  or  iron,  the  reaction  then  being  : — 

Zn-l-2HCl=Znaj-l-Hj. 

(6.)  Hydrogen  in  a  high  degree  of  purity  is  conveniently  prepared 
in  small  quantity  by  the  electrolysis  of  water  acidulated  with  sul- 
phuric acid  (see  page  207). 

(7.)  Hydrogen  is  disengaged  when  certain  metals,  such  as  zinc, 
iron,  magnesium,  and  aluminium,  are  boiled  with  an  aqueous  solu- 
tion of  potassium  pr  sodium  hydroxide.  Thus,  in  the  case  of  zinc, 
when  this  metal  in  the  form  of  filings  is  boiled  with  a  solution  of 
potassium  hydroxide,  hydrogen  is  evolved,  and  a  compound  of  zinc, 
potassium,  and  oxygen  remains  in  solution,  namely,  potassium  zinc 
oxide,  thus  : — 

2KHO  +  Zn  =  H2-l-ZnK202. 


(8.)  Hydrogen  is  also  obtained  by  heating  alkaline  oxalates,  or 
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(brmates,  with  eilhi^r  potassium  o 
simultaneous  formation  of  an  alkaljn 

NajC;0,  +  2NaHO  =  Ha  +  2Na.CO,. 

Properties.— Hydrogen  is  a  colourless  gas,  and  has  neither  1 
taste  nor  smell.  It  is  the  lightest  known  substance,  being  14-435  ' 
times  lighier  than  air.  Its  specific  gravity  is  0.0693  (air  =  i). 
One  litre  of  the  gas  at  0°  C,  and  under  a  pressure  of  760  mm.  of 
mercury  (<'.<■.  the  standard  temperature  and  pressure)  weighs 
0.0S96  gramme  ;  or  1  gramme  of  hydrogen  .11  the  standard  tem- 
perature and  pressure  occupies  11,165  litre 

2  lightness,  hyilroycn  tnay  tie  poured  1 


Fig.  30. 

upivnrds  from  one  vessel  to  another.  If  a  large  beaker  be  sus- 
pended mouth  downwards  from  the  arm  of  a  balance  and  counter- 
poised, and  the  contents  of  a  jar  of  hydrogen  be  poured  upwards 
into  the  beaker,  the  equilibrimn  of  the  system  will  be  disturbed, 
and  the  arm  carrying  the  beaker  will  rise. 

The  lightness  of  hydrogen  can  also  be  shown  by  causing  a 
stream  of  the  gas  to  issue  from  a  tube  placed  in  such  a  position 
thai  its  shadow  is  cast  upon  a  white  screen  by  means  of  a  powerful 
electric  light.  When  the  gas  is  streaming  from  the  tube,  its  up- 
ward rush  will  be  visible  upon  the  screen  as  a  distinct  shadow, 
caused  by  the  difference  between  the  refractive  power  of  ; 
hydrogen  <Fig.  30). 


Hydrogen 
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Hydrogen  is  inflammable  and  bums  with  a  non-luminous  flame, 
the  temperature  of  which  is  very  high.  The  product  of  the  com- 
bustion of  hydrogen  is  water,  and  if  a  jet  of  the  gas  be  burned 
beneath  the  apparatus  seen  in  Fig.  31,  considerable  quantities  of 
water  may  be  collected  in  the  bulb.  In  the  act  of  combustion  the 
hydrogen  combines  with  the  oxygen  of  the  air,  forming  the  oxide 
of  hydrogen,  namely,  water:* — 

If  hydrogen  be  mixed  with  the  requisite  quantity  of  air,  or  oxygen, 
and  a  light  applied  to  the  mixture,  the 
combination  of  the  two  gases  takes 
place  instantly  with  a  violent  explo- 
sion ;  t  hence  the  necessity  of  care- 
fully expelling  all  the  air  from  the 
apparatus  in  which  hydrogen  is  being 
generated  before  applying  a  flame  to 
the  issuing  gas. 

Hydrogen  will  not  support  the  com- 
bustion of  ordinary  combustibles  ;  thus, 
if  a  burning  taper  be  thrust  into  a  jar  of 
the  gas,  the  hydrogen  itself  will  be 
ignited  at  the  mouth  of  the  jar,  which 
must  be  held  in  an  inverted  position, 
but  the  taper  will  be  extinguished ;  on 
withdrawing  the  taper  it  may  be  re- 
ignited  by  the  burning  hydrogen. 

Although  hydrogen  is  not  poisonous, 
it  is  incapable  of  supporting  animal  life 
owing  simply  to  the  exclusion  of  oxygen. 
When  mixed  with  air  and  inhaled,  it  raises  the  pitch  of  the  voice 
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*  From  this  fact  the  name  Hydrogen  (signifying  ihe  ivaUr producer)  is  derived. 

t  Baker  has  recently  shown  {Jour.  Chem.  Sot: ,  April  190a)  that  if  the  two 
gases  are  perfectly  pure  and  dry,  they  may  be  strongly  heated  without  uniting. 
In  these  experiments  a  coil  of  silver  wire  suspended  in  the  gases  was  heated  by 
means  of  an  electric  current  until  the  silver  melted,  that  is,  above  1000°;  but 
no  chemical  union  of  the  oxygen  and  hydrogen  took  place,  although  the  ordi- 
nary temperature  of  explosion  is  615**  (V.  Meyer).  Baker  has  also  shown  that  if 
a  mixture  of  these  two  gases,  which  has  not  been  specially  dried,  be  exposed  to 
sunlight,  combination  slowly  takes  place;  whereas  with  the  perfectly  dry 
gases  no  measurable  combination  occurs. 
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almost  to  a  falsetto.  The  same  effect  may  be  seen  by  sounding  a 
pitch-pipe,  or  organ-pipe,  by  means  of  a  stream  of  hydrogen 
instead  of  ordinary  air,  when  it  will  be  noticed  that  the  note  given 
out  is  greatly  raised  in  pitch. 

Hydrogen  is  very  slightly  soluble  in  water.  It  was  formerly 
believed  that  this  gas  formed  an  exception  to  the  rule  that  the 
solubility  of  gases  in  water  diminishes  with  rise  of  temperature, 
and  it  was  supposed  that  the  solubility  of  hydrogen  was  constant 
between  the  temperatures  o*  and  25'.  More  recent  experiments 
have  shown  that  this  is  not  the  case.  The  solubility  of  this  gas,  as 
determined  by  W.  Timofejeff  (1890),  is  seen  in  the  table  on  p.  113. 

Hydrogen  was  first  liquefied  on  May  10,  1898,  by  Dewar.  Prior 
to  this  time  it  had  never  been  obtained  as  a  coherent  or  static 
liquid — that  is,  a  liquid  with  a  meniscus — although  momentary 
indications  of  its  liquefaction  had  been  obtained  by  Olszewski  as 
far  back  as  1895.  The  critical  temperature  of  hydrogen  (namely, 
-238*)  being  below  the  lowest  point  obtainable  by  the  rapid 
ebullition  of  liquid  oxygen  or  air,  no  external  refrigerating  agent 
is  available  which  is  capable  of  cooling  the  gas  below  its  critical 
point,  and  therefore  of  causing  its  liquefaction.  By  an  extension 
of  the  principle  of  self-cooling  explained  on  p.  76,  however,  namely, 
by  causing  a  jet  of  the  gas  previously  cooled  to  —  205°  to  continu- 
ously escape  frffn  a  fine  orifice  under  a  pressure  of  180  atmos- 
pheres, Dewar  has  succeeded  in  collecting  considerable  quantities 
of  liquid  hydrogen  in  specially  constructed  vacuum -jacketed 
vessels. 

Liquid  hydrogen  is  clear  and  colourless  as  water,  thus  disposing 
of  the  theory  once  advocated  that  if  obtained  in  the  liquid  state 
hydrogen  would  be  found  to  exhibit  metallic  properties.  The 
boiling-point  of  the  liquid  is  —253"  (Dewar),  at  which  temperature 
air  is  immediately  solidified.  Thus,  if  a  tube  sealed  at  one  end, 
but  freely  open  to  the  air  at  the  other,  be  immersed  in  liquid 
hydrogen,  the  cooled  end  of  the  tube  quickly  becomes  filled  with 
solidified  air.     Similarly,  oxygen  is  frozen  to  a  pale-blue  solid. 

The  sfKJcific  gravity  of  liquid  hydrogen  is  about  0.07  ;  that  is  to 
say,  it  is  only  about  i^^th  the  density  of  water,  or  about  14  c.c.  of  the 
liquid  weighs  only  i  gramme.  By  its  own  rapid  evaporation  liquid 
hydrogen  has  been  frozen  to  a  white  solid  mass,  which  melts  at 
-  257** ;  and  by  the  rapid  evaporation  of  this  solid  a  temperature 
of  —260*  has  been  obtained,  which  is  the  lowest  degree  of  cold 
ever  reached.     By  means  of  liquid  hydrogen  as  a  refrigerating 
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agent,  the  more  recently  discovered  gas  Helium  has  also  been 
liquefied  (see  p.  269),  hence  all  the  known  gases  have  now  been 
condensed  to  the  liquid  state. 

Occluded  Hydrogen,  or  Hydrogenium.— Certain  metals,  such 

as  iron,  platinum,  and  notably  palladium,  possess  the  property 
when  heated  of  absorbing  a  large  quantity  of  hydrogen,  and  of 
retaining  it  when  cold.  Graham  found  that  at  a  red  heat  palladium 
absorbed,  or  occludedy  about  900  times  its  own  volume  of  hydrogen, 
while  even  at  ordinary  temperatures  it  was  able  to  absorb  as  much 
as  376  times  its  volume.*  Graham  concluded  that  the  hydrogen 
so  occluded  assumed  the  solid  form,  and  was  alloyed  with  the 
palladium,  and  to  denote  the  metallic  nature  of  the  gas  he  gave 
to  it  the  name  hydrogenium.  From  later  experiments  of  Troost 
and  Hautefeuille,  it  seems  probable  that  a  definite  compound  of 
hydrogen  and  palladium  exists,  of  the  composition  of  Pd^H. 

After  its  absorption  of  hydrogen  the  metal  presents  the  same 
appearance  as  before,  although  some  of  its  physical  properties 
have  become  slightly  modified  ;  thus  it  is  more  magnetic  than 
ordinary  palladium,  and  its  electric  conductivity  is  considerably 
reduced. 

In  view  of  our  present  knowledge  of  the  entire  absence  of  any 
metallic  characters  in  liquid  or  solid  hydrogen  (gained,  however, 
entirely  since  Graham's  time),  the  view  that  this  is  an  alloy  is  no 
longer  tenable,  as  this  term  is  only  strictly  applicable  to  the  union 
of  metals. 

The  absorption  of  hydrogen  by  palladium  is  readily  seen  by 
making  a  strip  of  palladium  foil  the  negative  electrode  in  an 
electrolytic  cell  containing  acidulated  water,  the  positive  pole 
being  of  platinum.  Oxygen  will  be  evolved  from  the  latter 
electrode,  while  for  some  time  no  gas  will  be  disengaged  from 
the  surface  of  the  palladium,  the  hydrogen  being  completely 
absorbed  by  the  metal  During  the  absorption  of  hydrogen  the 
palladium  undergoes  an  increase  in  volume  :  Graham  observed  the 
increase  in  length  of  a  palladium  wire  to  be  equal  to  1.6  per  cent. 

*  According  to  Neumann  and  Strientz  {'AeitschriftfUr  Analytiscfie  Chemie, 
vol.  32),  one  volume  of  various  metals  in  a  fine  state  of  division  is  capable  of 
absorbing  the  following  amounts  of  hydrogen  : — 


Palladium,  black        .  502.35  vols. 
Platinum,  sponge       .     49.3      ., 
Gold  ....     46.3      ,, 
Iron    .        .         .        .19.17 


•I 


Nickel        .  .  .  17.57  vols. 

Copper  .  .  4.5      .. 

Aluminium  .  2.72    ,, 

Lead.        .  .  .  0.15     ., 
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This  change  in  volume  suffered  by  the  metal  may  be  strikingly 
demonstrated  by  employing  two  strips  of  palladium  foil,  protected 
on  one  side  by  a  varnish,  as  the  electrodes  in  the  electrolytic  cell. 
On  passing  the  current  the  negative  electrode  immediately  begins 
to  bend  over  towards  the  varnished  side :  .when  the  current  is 
reversed  it  again  uncurls  ;  and  the  other,  being  now  the  negative 
pole,  at  once  begins  to  perform  the  same  curling  movements. 

Hydrogen,  which  is  thus  occluded  in  the  metal  palladium,  is 
capable  of  bringing  about  a  number  of  chemical  changes  which 
ordinary  hydrogen  is  unable  to  effect :  thus,  when  a  strip  of 
hydrogenised  palladium  is  immersed  in  a  solution  of  a  ferric  salt, 
a  portion  of  the  iron  is  reduced  to  the  ferrous  state.* 

*  See  "  Chemical  Lecture  Experiments,"  Nos.  27.  28,  29. 


CHAPTER   II 
OXYGEN 

Symbol,  O.    Atomic  weight  =  i6.oa     Molecular  weight  =  3a. 

History.— Oxygen  was  discovered  by  Priestley  (i774)-  He  ob- 
tained it  by  heating  the  red  oxide  of  mercury  (known  in  those  days 
as  mercurius  caUinatus^  per  se)  by  concentrating  the  sun's  rays 
upon  it  by  means  of  a  powerful  lens.  Priestley  applied  to  the  gas 
the  name  depklogistigated  air.  Oxygen  was  independently  dis- 
covered by  Scheele.  Scheele's  discovery  of  oxygen  was  published 
in  1775,  but  recent  research  among  his  original  papers  has  brought 
to  light  the  fact  that  the  discovery  was  actually  made  in  1773,  prior 
therefore  to  Priestley's  discovery.  Scheele  called  the  gas  empyreal 
air^  on  account  of  its  property  of  supporting  combustion.  Lavoisier 
subsequently  applied  to  this  gas  the  name  "oxygene"  (from  o^i'r, 
sour  ;  and  ycwaa,  I  produce),  to  denote  the  fact  that  in  many 
instinces  the  products  obtained  by  the  combustion  of  substances 
in  the  gas  were  endowed  with  acid  properties.  Oxygen,  indeed, 
came  to  be  regarded  as  an  essential  constituent  of  acids,  and  was 
looked  upon  as  the  "  acidifying  principle."  The  subsequent  deve- 
lopment of  the  science  has  shown  that  this  idea  is  erroneous,  and 
that  oxygen  is  not  a  necessary  constituent  of  all  acids. 

Occurrence. — In  the  free  state  oxygen  occurs  in  the  atmos- 
phere, mechanically  mixed  with  about  four  times  its  volume  of 
nitrogen.  In  combination  with  other  elements  it  is  found  in 
enormous  quantities.  Thus  it  constitutes  eight-ninths  by  weight 
of  water,  and  nearly  one-half  by  weight  of  the  rocks  of  which  the 
earth's  crust  is  mainly  composed. 

The  following  table  (Bunsen)  gives  the  average  composition  of 
the  earth's  solid  crust,  so  far  as  it  has  been  penetrated  by  man. 
It  must  be  remembered,  however,  that  the  greatest  depth  to  which 
man  has  examined,  when  compared  with  the  diameter  of  the  earth, 
is  after  all  only,  as  it  were,  a  mere  scratch. 

i8x 
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Average  Composition  of  the  Earth's  Crust. 

Oxygen 44.0  to  48.7 

Silicon   . 

Aluminium 

Iron 

Calcium 

Magnesium 

Sodium  . 

Potassium 


22.8  „ 

36.2 

9.9  » 

6.1 

9.9  ., 

2.4 

6.6  „ 

0.9 

2.7  », 

0.1 

2.4  „ 

2.5 

1-7   1, 

3.1 

100.00 

100.00 

Modes  of  Formation. — (i.)  Oxygen  may  readily  be  obtained 
by  a  slight  modification  of  Priestley's  original  method,  namely,  by 
heating  mercuric  oxide  in  a  glass  tube,  by  means  of  a  Bunsen 
flame.  The  red  oxide  of  mercury  first  darkens  in  colour,  and  is 
decomposed  by  the  action  of  the  heat  into  mercury  and  oxygen, 
thus — 

2HgO=2Hg+02. 

The  evolved  oxygen  may  be  collected  over  water  in  the  pneumatic 
trough,  while  the  mercury  condenses  in  the  fonn  of  metallic 
globules  upon  the  cooler  parts  of  the  tube.  This  method  of 
obtaining  oxygen  is  never  employed  when  any  quantity  of  the 
gas  is  required — it  is  chiefly  of  historic  interest. 

(2.)  For  experimental  purposes  oxygen  is  best  prepared  from 
potassium  chlorate.  When  this  salt  is  heated  it  melts,  and  at 
about  400*  decomposes  with  brisk  effervescence  due  to  the  evolution 
of  oxygen,  while  potassium  chloride  remains  :* — 

KC103=KCl  +  30. 

If  the  potassium  chlorate  be  previously  mixed  with  about  one- 
fourth  of  its  weight  of  manganese  dioxide,  it  gives  up  the  whole  of 
its  oxygen  at  a  temperature  considerably  below  the  melting-point 
of  the  salt,  and  at  a  greatly  accelerated  rate.  When,  therefore,  the 
oxygen  is  not  required  to  be  perfectly  pure,  a  mixture  of  these  two 

*  The  mechanism  of  this  reaction  is  more  complex  than  is  represented  by 
this  equation.  It  has  been  shown  that  during  the  decom position  potassium 
perchlorate,  KCIO4,  is  continuously  being  formed,  and  again  resolved  into 
KCIO,  and  O. 
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substances  is  usually  employed.  The  mixture  may  be  conveniently 
heated  in  a  "  Florence  "  flask,  supported  in  the  position  shown  in 
the  figure,  and  gently  heated  with  a  Bunsen  flame.  The  gas  is 
washed  by  being  passed  through  water,  and  then  collected  either 
at  the  pneumatic  trough  or  in  a  gas-holder. 

The  manganese  dioxide  is  found  at  the  end  of  the  reaction  to  be 
unchanged  :  the  part  it  plays  in  the  decomposition  belongs  to  a 
class  of  phenomena  to  which  the  name  catalysis  is  applied  ;  the 
manganese  dioxide,  in  this  instance,  being  the  catalytic  agent.  It 
was  at  one  time  supposed  that  by  its  mere  presence,  itself  under- 
going no  change,  the  manganese  dioxide  enabled  the  potassium 
chlorate  to  give  up  its  oxygen  more  readily  and  at  a  lower  tempera- 
ture ;  but  the  accumulated  evidence  which  has  been  collected  by 
the  study  of  an  increasing  number  of  similar  cases  of  catalytic 
action  leads  to  the  conclusion  that  the  manganese  dioxide  is  here 
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playing  a  more  distinctly  chemical  part  in  the  reaction.  So  far  as 
is  known,  in  all  phenomena  of  this  order,  the  catalytic  agent  is  a 
substance  which  possesses  a  certain  degree  of  chemical  affinity  for 
one  of  the  constituents  of  the  body  to  be  decomposed,  and  the 
influence  of  this  attraction  is  a  necessary  factor  in  determining  the 
splitting  up  of  the  compound.  Owing,  however,  to  certain  condi- 
tions which  are  present,  such,  for  example,  as  the  particular 
temperature  at  which  the  reaction  is  conducted,  the  catalytic  agent 
is  unable  to  actually  combine  with  the  constituent  for  which  it  has 
this  affinity,  or  if  it  combines,  the  combination  it  forms  is  unable  to 
exist  and  is  instantly  resolved  again  :  hence  the  catalytic  agent 
comes  out  of  the  action  in  the  same  state  as  it  was  at  the  com- 
mencement. 

In  the  case  before  us,  it  is  believed  that  a  cycle  of  changes  takes 
place  *  in  which  the  power  possessed  by  manganese  to  enter  into 

•M'Leod, 
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higher  states  of  oxidation  results  first  in  the  formation  of  potassium 
permanganate,  KMn04  ;  with  the  simultaneous  production  of 
chlorine  and  oxygen,  thus — 

(i)  2MnOj+2KC103-=2KMn04+Cl8  +  0^ 

The  potassium  permanganate  then  passes  into  potassiimi  man- 
ganate,  K2Mn04,  with  evolution  of  oxygen  and  partial  reformation 
of  manganese  dioxide,  thus — 

(2)  2KMn04=K2Mn04+MnOj+0^ 

And  this  is  decomposed,  by  the  chlorine  evolved  by  the  first  re- 
action, into  potassium  chloride,  manganese  dioxide,  and  oxygen, 
thus — 

(3)  KjMn04+Cl2=2KCl  +  Mn02  +  Ojj. 

(3.)  When  manganese  dioxide  itself  is  heated  to  bright  redness,  it 
parts  with  one-third  of  its  oxygen  and  is  converted  into  trimanganic 
tetroxide. 

3Mn02=Mn304+02. 

(4.)  Other  peroxides,  when  heated,  similarly  yield  a  portion  of  the 
oxygen  they  contain.  One  of  these,  namely,  barium  peroxide,  is 
now  largely  employed  for  the  preparation  of  oxygen  upon  a  manu- 
facturing scale.  This  method,  known  as  Britis  process,  from  the 
name  of  the  inventor,  is  based  upon  the  fact  that  when  barium 
oxide  (BaO)  is  heated  in  contact  with  air,  it  unites  with  an  additional 
atom  of  oxygen,  forming  barium  peroxide,  thus — 

BaO  +  0  =  BaO.>. 

And  that  when  this  substance  is  still  further  heated,  it  again  parts 
with  the  additional  oxygen  and  is  reconverted  into  the  monoxide — 

BaO.,=BaO  +  0. 

The  process,  therefore,  is  only  an  indirect  method  of  obtaining 
oxygen  from  the  air,  the  same  quantity  of  barium  monoxide  being 
employed  over  and  over  again.  In  practice  it  was  found  that 
instead  of  effecting  the  two  reactions  by  altering  the  temperature, 
which  involved  loss  of  time  and  considerable .  expense,  the  same 
result  could  be  obtained  by  altering  the  pressure  and  keeping  the 
temperature  constant.  If  the  monoxide  be  heated  to  the  lower 
temperature,  at  which  the  first  reaction  takes  place,  and  air  be 
passed  over  it  ^'  iry  atmospheric  pressure,  atmospheric 

oxygen  is  tsCi  \  peroxide  is  formed.    If  the  pressure 
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be  then  slightly  reduced  by  suitable  exhaust  pumps,  the  peroxide 
immediaiely  gives  up  one  atom  of  oxygen  without  any  further 
application  of  heat,  and  is  retraiufbnned  into  the  monoxide.     In 


this  way,  by  alternately  sending  air  thrtMigh  the  heated  retorts 
coniaining  the  oxide  and  then  exhausting  the  retorts,  a  continuous 
process  is  obtained  without  change  of  temperature. 

The  modus  operandi  of  the  process  will  be  seen  ftoKv  Tx^.  ^.-i,. 
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which  represents  the  general  arrangement  of  the  apparatus.  A 
number  of  retorts,  R,  consisting  of  long  narrow  iron  pipes,  are 
arranged  vertically  in  rows  in  the  furnace,  where  they  are  heated 
by  means  of  "producer-gas **  (/.^.  carbon  monoxide  with  atmospheric 
nitrogen,  obtained  by  the  regulated  combustion  of  coke). 

By  means  of  the  pump  P,  air  is  drawn  in  at  the  "  air  intake,"  and 
forced  through  purifiers  in  order  to  withdraw  atmospheric  carbon 
dioxide  ;  the  complete  removal  of  this  impurity  being  essential  to 
the  successful  carrying  out  of  the  operation.  The  purifiers  are 
so  arranged  that  any  of  them  can  be  thrown  out  of  use  at 
will. 

By  means  of  automatic  gear  the  purified  air  is  sent  through  pipe 
J  to  the  distributing  valve  X,  from  which  it  passes  by  the  pipe  Y  into 
the  retorts,  being  made  to  pass  down  through  one  row  and  up  through 
the  other.  The  oxygen  is  then  absorbed,  and  the  accumulating 
nitrogen  escapes  by  the  relief  valve  W.  When  the  absorption  of 
oxygen  by  the  barium  monoxide  in  the  retorts  has  continued  for 
ten  or  fifteen  minutes,  the  automatic  reversing  gear  comes  into 
operation.  The  relief  valve  W  is  thereby  closed,  communication 
with  the  purifiers  is  cut  off,  and  the  action  of  the  pumps  at  once 
causes  a  reduction  of  pressure  within  the  retorts.  When  the  pres- 
sure falls  to  about  660  mm.  (26  inches,  or  about  13  lbs.  on  the 
square  inch),  the  peroxide  gives  up  oxygen,  and  is  reduced  to  the 
monoxide.  The  oxygen  is  drawn  away  by  the  pipe  J  and  is  passed 
on  to  a  gas-holder.  The  first  portions  of  gas  that  are  drawn  out 
of  the  retorts  will  obviously  be  mixed  with  the  atmospheric  nitrogen 
which  was  there  present ;  in  order  that  this  shall  be  got  rid  of,  the 
automatic  gear  is  so  arranged  that  communication  with  the  pipe 
leading  to  the  gas-holder  is  not  opened  until  a  few  seconds  after 
the  reversing  gear  is  in  operation,  and  the  first  portions  of  gas  that 
are  pumped  out  are  made  to  escape  into  the  air  by  a  snifting  valve 
S,  which  is  automatically  opened  and  closed. 

(5.)  Oxygen  may  be  obtained  by  heating  manganese  dioxide  with 
sulphuric  acid,  the  dioxide  parting  with  the  half  of  its  oxygen,  and 
a  sulphate  of  the  lower  oxide  being  formed — * 

MnOo4-H2S04  =  MnS04  +  H20  +  0. 

(6.)  Similarly,  potassium  dichromate  (a  salt  containing  chromium 

*  In  order  to  avoid  unnecessarily  complicating  chemical  equations,  it  is  some- 
times convenient  to  represent  tbem  ntomically.  Moreover,  by  so  doing  the 
mechanism  of  the  reaction  is  often  rendered  more  clear. 
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trioxide,  CrOj),  when  heated  with  sulphuric  acid,  yields  oxygen  ;  the 
chromium  at  the  same  time  being  reduced  to  a  lower  state  of  oxi- 
dation, viz.,  CrjOj,  in  which  condition  it  unites  with  sulphuric  acid, 
forming  chromium  sulphate — 

K2Cr207  +  4HjS04=KjS04+Cr2(S04j,+4Hj,0  +  30. 

During  the  reaction  the  red  colour  of  the  dichromate  changes  to 
the  deep  olive-green  colour  possessed  by  chromium  sulphate. 

(7.)  Many  other  highly  oxidised  salts  yield  oxygen  when  acted 
upon  by  sulphuric  acid  ;  thus,  with  potassium  permanganate  the 
following  action  takes  place  : — 

(8.)  If  hydrogen  peroxide  be  added  to  dilute  sulphuric  acid,  and 
the  mixture  dropped  upon  a  solution  of  potassium  permanganate 
contained  in  a  suitable  generating  flask,  a  rapid  evolution  of  oxygen 
takes  place  at  the  ordinary  temperature,  thus — 

K2MnjOi,+3H2S04+6Hjj02=K,S04+2MnS04+8H20+r»Ojj. 

(9.)  When  strong  sulphuric  acid  is  dropped  upon  fragments  of 
brick  or  pumice-stone,  contained  in  an  earthenware  or  platinum 
retort  and  maintained  at  a  bright  red  heat,  the  acid  is  decomposed 
into  water,  sulphur  dioxide,  and  oxygen — 

H^SO^^HoO-f-SOa+O. 

The  products  of  the  decomposition  are  passed  through  water,  which 
absorbs  the  sulphur  dioxide,  and  also  arrests  any  undecomposed 
sulphuric  acid,  and  the  oxygen  is  collected  over  water.  When  this 
process  is  used  on  a  large  scale,  the  sulphur  dioxide  is  absorl>ed  by 
being  passed  through  a  tower  filled  with  coke,  and  down  which  a 
stream  of  water  is  allowed  to  trickle,  and  the  solution  so  obtained 
can  be  utilised  in  the  manufacture  of  sulphuric  acid. 

(10.)  Oxygen  can  be  obtained  from  bleaching-powder  by  methods 
which  afford  interesting  instances  of  catalytic  action.*  The 
composition  of  bleaching-powder  is  expressed  by  the  formula 
Ca(OCl)Cl.  If  this  substance  be  mixed  with  water,  and  a  small 
quantity  of  prec^itated  cobalt  oxide  added,  and  the  mixture  gently 
warmed,  oxygen  is  rapidly  evolved.  The  cobalt  oxide,  CoO,  is  the 
catalytic  agent ;  it  is  able  to  combine  with  more  oxygen  to  form 

*  Experiments  35,  36,  37,  15a,  "Chemical  Lecture  Experiments,"  new  ed. 


1 88  Inorganic  Chemistry 

C02O3,  but  this  compound  is  reduced  as  fast  as  it  is  formed,  and 
the  oxygen  is  evolved  as  gas — 

( 1 )  Ca(OCl)Cl  +  2CoO  =  CojOs + CaCl^ 

(2)  Co,Os=2CoO  +  0. 

A  solution  of  calcium  hypochlorite,  which  may  be  obtained  from 
bleaching-powder  (see  Bleaching-powder),  behaves  in  the  same 
way ;  and,  as  in  the  above  reaction,  nickel  oxide  may  be  substi- 
tuted for  cobalt — 

Ca(OCl)2=CaCl2+08. 

(11.)  A  similar  instance  of  catalysis,  by  which  oxygen  may  be 
obtained,  is  seen  when  a  stream  of  chlorine  gas  is  passed  through 
boiling  milk  of  lime,  to  which  a  small  quantity  of  the  oxide  of 
cobalt  or  nickel  has  been  added — 

CaH202+Clj=CaCla+H20  +  0. 

A  reaction  of  the  same  order  takes  place  when  the  milk  of  lime  is 
replaced  by  either  potassium  or  sodium  hydroxide — 

2NaHO  +  Cl2=2NaCl+H20  +  0. 

(12.)  When  a  mixture  of  steam  and  chlorine  gas  is  heated  to  bright 
redness,  the  steam  is  decomposed,  the  hydrogen  combining  with 
the  chlorine  to  form  hydrogen  chloride  (hydrochloric  acid),  and 
the  oxygen  is  set  free — 

H20  +  Cl2=2HCl  +  0. 

In  order  to  prepare  oxygen  by  this  reaction,  chlorine  gas  is  caused 
to  bubble  through  water  which  is  briskly  boiling  in  a  glass  flask, 
^  (f^ig*  34)'  The  mixture  of  chlorine  and  steam  is  then  passed 
through  a  porcelain  tube  filled  with  fragments  of  porcelain,  and 
maintained  at  a  bright  red  heat  in  a  furnace.  The  issuing  gases 
are  passed  through  a  Woulfs  bottle,  containing  a  solution  of 
sodium  hydroxide,  in  order  to  absorb  the  hydrochloric  acid,  and 
the  oxygen  is  collected  at  the  pneumatic  trough. 
(13.)  Oxygen  is  formed  on  a  large  scale  in  nature  by  the  decom- 
•  position  of  atmospheric  carbon  dioxide  by  the  green  leaves  of 
plants,  under  the  influence  of  light.    The  carbon  dioxide  is  decom- 
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posed  into  carbon,  which  is  assimilated  by  the  plant,  and  into 
oxygen,  which  is  thrown  into  the  aiitiosphere.  It  has  been  esti- 
mated that  t  square  metre  of  green  leaf  is  able,  under  the  influ- 
ence of  sunlight,  10  decompose  more  than  i  litre  of  carbon  dioxide 
per  hour. 

(14.)  Of  the  many  other  methods  by  which  it  has  been  proposed, 
from  time  to  time,  to  manufacture  oxygen  on  a  large  scale,  may  be 
mentioned  one,  known  as  the  Tessi^  du  Motay  process,  from  the 
name  of  the  inventor.  This  method  consists  in  the  alternate  for- 
mation and  decomposition  of  sodium  manganate.  The  process 
consists  of  two  operations,  which  are  carried  out  at  diRerenI  tem- 
peratures.    When  a  cuircnt  of  air  is  passed  over  a  moderately 


>xide  and   sodium  hydroxide, 


heated   mixture  of  manganesi 
sodium  manganate  is  formed — 

2MnO,+4NaHO-^0,=-2H,0^-2Na,MnO,. 
And  if  this  sodium  manganate  be  heated  to  bright  redness,  and  a 
current  of  steam  at  the  same  time  passed  over  it,  the  manganaic  is 
reduced  to  dimanganic  Irioxide,  sodium  hydroxide  is  reformed,  and 
oxygen  evolved,  thus — 

2Na,MnO,-^2H3O  =  MnJ0s^-4NaHO^-3O. 
On  again  passing  air  over  the  residue,  after  allowing  the  tempera- 
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ture  of  the  mass  to  fall  to  that  at  which  the  first  reaction  was 
conducted,  sodium  manganate  is  once  more  reformed — 

Mn:,03+4NaHO+30=2H30+2Na2Mn04. 

Properties.— Oxygen  is  a  colourless  gas,  having  no  taste  or 
smell.  It  is  slightly  heavier  than  air,  its  specific  gravity  being 
1. 1056  (air  =  i).  One  litre  of  the  gas,  at  the  standard  temperature 
and  pressure,  weighs  1.43028  grammes.  Oxygen  is  slightly  soluble 
in  water,  i  c.c.  of  water  at  o*  C.  dissolves  0.0489  c.c.  of  oxygen 
measured  at  o**  C.  and  760  mm.  pressure.  The  solubility  of  oxygen 
in  water  diminishes  as  the  temperature  rises  in  accordance  with 
the  interpolation  formula  (Winkler)  : — 

^=0.0489  -  .001 34 1 3/+  .ocxx)283/'  -  .00000029534/3. 

Fish  are  dependent  upon  the  dissolved  oxygen  in  water  for  their 
supply  of  this  gas  for  respiration.  Oxygen  is  also  soluble  in  molten 
silver,  which  is  capable  of  absorbing  about  twenty  times  its  own 
volume  of  this  gas  (see  Silver). 

Oxygen  is  endowed  with  very  powerful  chemical  affinities.  Even 
at  Jhe  ordinary  temperature  it  is  able  to  combine  with  such  elements 
as  phosphorus,  sodium,  potassium,  and  iron.  All  the  chemical 
phenomena  exhibited  by  the  atmosphere  are  due  to  the  presence 
in  it  of  free  oxygen,  the  atmosphere  being  practically  oxygen  diluted 
with  four  times  its  volume  of  nitrogen.  Thus,  when  a  piece  of 
bright  metallic  sodium  is  exposed  to  the  air,  the  surface  becomes 
instantly  tarnished  and  coated  over  with  a  film  of  oxide :  when 
iron  rusts,  it  in  the  same  way  is  being  acted  upon  by  the  oxygen 
of  the  air  forming  oxide  of  iron  ;  in  these  cases  the  metals  are  said 
to  become  Ojcidised,  If  the  metal  be  obtained  in  a  sufficiently 
finely  divided  condition  before  being  exposed  to  the  air,  or  to  pure 
oxygen,  this  process  of  oxidation  may  proceed  so  rapidly  that  the 
heat  developed  by  the  combination  will  cause  the  metal  to  bum. 
When  the  process  of  oxidation  is  accompanied  by  light  and  heat, 
the  phenomenon  is  known  as  combustion^  the  oxygen  being  spoken 
of  as  the  supporter  of  combustion :  bodies  which  burn  in  the  air, 
therefore,  are  simply  undergoing  rapid  combination  with  oxygen. 
It  will  obviously  follow,  that  bodies  which  are  capable  of  burning 
in  the  air  will  bum  with  greatly  increased  rapidity  and  brilliancy 
when  their  combustion  is  carried  on  in  pure  or  undiluted  oxygen. 
A  glowing  chip  of  wood,  or  a  taper  with  a  spark  still  upon  the 
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wick,  when  plunged  into  pure  oxygen,  will  be  instantly  rekindled. 
Such  substances  as  sulphur,  charcoal,  phosphorus,  which  readily 
burn  in  air,  when  burnt  in  pure  oxygen  carry  on  their  combustion 
with  greatly  increased  brilliancy.  Many  substances  which  are  not 
usually  regarded  as  combustible  bodies  will  burn  in  oxygen  if  their 
temperature  be  raised  sufficiently  high  to  initiate  the  combustion  ; 
thus  a  steel  watch-spring,  or  a  bundle  of  steel  wires,  if  strongly 
heated  at  one  end,  will  bum  in  oxygen,  throwing  out  brilliant 
scintillations.  This  experiment  is  most  readily  shown  by  project- 
ing a  spirit-lamp  flame  upon  the  ends  of  a  bundle  of  steel  wire,  by 
means  of  a  stream  of  oxygen,  as  shown  in  Fig.  35.  As  soon  as  the 
ends  of  the  wire  are  sufficiently  heated,  and  begin  to  bum,  the 
lamp  may  be  withdrawn  and  the  wire  held  in  the  issuing  stream 


Fia  35. 


of  oxygen,  in  which  it  will  continue  its  combustion  with  great 
brilliancy.* 

It  is  a'  remarkable  fact,  and  one  which  has  not  yet  received  any 
entirely  satisfactory  explanation,  that  these  instances  of  combustion 
in  oxygen  will  not  take  place  if  both  the  gas  and  the  material  be 
absolutely  dry.  It  has  been  shown  that  phosphorus,  sealed  up  in  a 
tube  with  oxygen  which  has  been  absolutely  freed  from  aqueous 
vapour,  may  even  be  distilled  in  the  gas  without  dny  combination 
taking  place.  A  mixture  of  oxygen  and  carbon  monoxide,  which 
under  ordinary  circumstances  explodes  when  heated,  is  found  when 
perfectly  dry  to  remain  unaffected  by  the  passage  of  an  electric 
spark  (p.  298).  Similarly,  perfectly  dry  chlorine  is  without  action 
upon  metals  such  as  copper  or  sodium,  while  under  common  con- 
ditions it  combines  with  them  with  the  greatest  readiness.  In 
all  these  cases  where  the  absolutely  dry  materials  are  incapable 

•  See  also  Experiments  48-52,  **  Chemical  Lecture  Experiments." 
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of  acting  upon  each  other,  the  introduction  of  the 
of  moisture  is  sufficient  to  allow  the  action  to  proceed,  but  the 
exact  way  in  which  this  operates  in  causing  the  effect  is  at  present 
not  known  with  certainty.* 

Oxygen  is  the  only  gas  which  is  capable  of  supporting  respira- 
tion :  an  animal  placed  in  any  gas  or  gaseous  mixture  containing 
no  free  oxygen  rapidly  dies.  Undiluted  oxygen  may  be  breathed 
with  impunity  for  a  short  time,  but  its  continued  inhalation  soon 
produces  febrile  symptoms.  The  inhalation  of  oxygen  is  occa- 
sionally had  recourse  to    in    cases    of  asphyxiation,  or    under 

*  Ii  would  seem  evident  ir  it  l5  the  presence  of  water,  and  vmler  enly  as  the 
third  snlKliUice,  wliich  is  the  necessary  condition  lo  bring  about  ohemital 
acLlon  in  lucb  c&scs  ai  tbese.  Dial  however  completely  a  mixture  or  oxygen 
and  hydrogen  wise  dried,  It  would  explode  when  heateil  ttMve  the  temperature 
at  which  union  begins;  because  the  produci  of  the  combdnntion  ofa  minme 
portion  o(  tlie  mixiure  would  furnish  sufficient  water  lo  determine  llie  ex- 
plosion of  the  remainder.  The  researches  of  V.  Meyer.  Dixon,  and  Baker. 
eKtending  over  ibe  last  decade,  seemed  to  enlirelr  confirm  Iliis  view,  for  they 
could  delect  no  diminution  in  the  velocity  of  lbs  union  of  these  gases  even 
stben  most  oirefully  dried. 

Quite  tEoently,  however  (April  19m),  Baker  has  shown  thai  if  these  gases 
be  perfectly  fun  (see  p.  aoS),  as  well  as  perfeLily  dry,  the  mixture  may  It 
healed  to  tenipEralures  much  higlier  than  that  at  which  combination  usually 
takes  pl.ico  without  exploding.  Moreover,  if  the  pure  gases  are  healed  before 
the  drying  oper.'Wian  has  been  carried  lo  its  highest  degree,  it  is  found  that 
although  union  begins  to  lake  place  and  water  is  aciually  formed  in  quanllly 
gretuly  in  excess  of  that  which  would  be  nece!>s.iry  10  bring  about  the  action 
had  the  gases  not  been  iiurc.  nevertheless  no  explosion  of  the  mixture  tsdirs 
place.  11ie  gases  being  absolutely  pure  to  aiart  with,  ihe  water  produced  by 
tlieir  union  will  also  be  pure :  and  it  would  appear  from  ihcse  experiinenis  thai 
perfectly  pure  water  alone  is  not  capable  of  bringing  almul  these  chemieil 
Gorabinations. 

These  new  and  most  interesting  results  lend  support  to  Ibe  hypothesis  which 
has  been  put  forward  in  order  to  explain  Ibe  influence  of  water  in  delemiining 
such  chemical  actions  as  these,  namely,  that  chemical  action  cannot  lake  place 
without  the  presence  of  an  elecirolyle ;  that  the  removal  of  water  is  in  reality 
the  removal  of  any  possibility  of  an  electrolyte  being  present.  If  the  water 
present  is  absolutely  pure,  since  pure  water  is  a  non-electrolyte  |p.  109),  it 
should  therefore  not  be  able  to  ofierale  in  causing  the  chemical  action  to  take 

cause  it  to  become  an  elecirolyle,  in  which  case  it  would  lie  able  lo  bring 
about  the  chemical  action. 

Enperimenli  have  been  made  wllli  a  view  to  determine  whelher  or  not  the 
gases  themselves  undergo  any  dissociation  in  the  niaist  condition  or  during  Ihe 
process  of  drying.  But  the  results  so  far  only  show  that  if  any  dissociation 
lakes  place,  the  extent  to  which  it  occurs  is  beyond  the  limits  of  measurement 
by  any  volumetric  methods. 
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circumstances  of  great  bodily  prostration,  where  the  necessary 
oxygenation  of  the  blood  cannot  take  place  on  account  of  the 
enfeebled  action  of  the  lungs. 

Compressed  oxygen  acts  upon  the  animal  economy  as  a  poison  : 
an  animal  placed  in  oxygen  gas  under  a  pressure  of  only  a  few 
atmospheres  quickly  dies. 

During  the  respiration  of  man,  air  is  drawn  into  the  lungs,  and 
is  there  deprived  of  4  to  5  per  cent,  of  its  oxygen,  and  gains  3  to  4 
per  cent,  of  carbon  dioxide.  The  oxygen  that  is  withdrawn  from 
the  inhaled  air  by  means  of  the  lungs  is  absorbed  by  the  blood. 
The  power  to  absorb  this  oxygen  is  believed  to  reside  in  a  crystal- 
line substance  contained  in  the  corpuscles  of  the  blood,  called 
hcBmoglobifiy  with  which  it  enters  into  feeble  chemical  union,  form- 
ing the  substance  known  as  oxykamoglobin.  This  substance  is 
red,  and  imparts  to  arterial  blood  its  well-known  colour.  During 
its  circulation  in  the  system  the  oxyhaemoglobin  parts  with  its 
oxygen,  and  is  reconverted  into  the  purple-coloured  haemoglobin. 
Under  normal  conditions  the  whole  of  the  oxyhnemoglobin  is  not 
so  reduced,  for  venous  blood  is  found  still  to  contain  it  to  some 
extent.  The  amount  of  carbon  dioxide  exhaled  is  diminished 
during  sleep,  and  to  a  still  greater  extent  during  hibernation. 

Oxygen  can  be  liquefied  at  very  low  temperatures  by  the  appli- 
cation of  moderate  pressure  (see  Liquefaction  of  Gases).  It  was 
first  liquefied  in  1877  by  Cailletet,  and  independently  by  Pictet. 
Its  critical  temperature  is  — 118.8*,  at  which  point  a  pressure  of 
58  atmospheres  is  required  to  bring  about  its  liquefaction. 

Liquid  oxygen  is  a  pale  steel-blue,  mobile  liquid,  which  boils  at 
-I82.5^  Its  specific  gravity  at  -182.5"  ^s  1.124.  The  liquid 
expands  when  warmed  much  more  rapidly  than  gases  do  for  the 
same  increment  of  temperature,  and  its  density  diminishes  in  pro- 
portion, thus — 

At  -182.5*  density=  1.124. 

„   -134'         „       =  .806. 
„    -129'         „       =  .755- 

Liquid  oxygen  is  strongly  magnetic.  If  a  quantity  of  the  liquid 
be  placed  in  a  dish  between  the  poles  of  a  powerful  electro-magnet, 
the  liquid  will  be  drawn  up  to  the  magnet  the  instant  the  latter  is 
excited. 
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Isomerism— Polymerism—Allotropy. 

laomerlBXiL — It  is  frequently  found  that  two  difTerent  compounds  have  the 
same  composition  ;  that  is.  their  molecules  are  composed  of  the  same  number 
of  the  same  atoms,  and  yet  the  substances  have  different  properties.  Such 
compounds  are  said  to  be  isomeric^  the  one  is  an  isomer  of  the  other,  and  the 
phenomenon  is  called  isomerism.  Cases  of  isomerism  are  so  numerous  among 
the  compounds  of  carbon  \i,e,  in  the  realm  of  organic  chemistry,  see  Carbon, 
p.  295).  that  it  has  been  found  convenient  to  classify  them.  The  term 
isomerism,  therefore,  is  frequently  restricted  to  cases  in  which  the  compounds 
have  the  same  percentage  composition,  the  same  molecular  weight,  and  belong 
to  the  same  chemical  type  or  class  of  substances.  Thus,  the  two  compounds 
dimethyl  benzene  and  ethyl  benzene  are  both  expressed  by  the  formula 
CgHio.  The  molecules  in  each  case  contain  8  atoms  of  carbon  and  10  atoms 
,  of  hydrogen,  they  therefore  have  the  same  molecular  weight  and  the  same 
percentage  composition  ;  and  as  they  both  belong  to  the  same  type  or  family, 
they  are  said  to  be  isomeric  with  each  other.  The  difference  in  the  properties 
of  these  compounds  is  due  to  a  difference  in  the  arrangement  of  the  atoms 
within  the  molecules,  and  this  difference  is  expressed  in  their  formulae  in  ttie 
following  manner : — 

Dimethyl  benzene,  CgH4(CH3)2.     Ethyl  benzne,  CeH3(C2H5). 

Different  compounds  having  the  same  molecular  weight  and  the  same  per- 
centage composition,  but  which  do  not  belong  to  the  same  family  of  compounds, 
are  distinguished  as  metamers.  Thus,  the  two  compounds  acetone  and  allyl 
alcohol  are  each  expressed  by  the  formula  CaHgO.  They  have  the  same 
molecular  weight  and  the  same  percentage  composition,  but  belong  to  two 
widely  different  types  of  compounds;  they  are  therefore  called  meiameric 
compounds.  The  difference  between  them  is  again  due  to  a  difference  in 
molecular  structure,  and  they  are  distinguished  by  formulae  which  convey  this 
difference,  thus : — 

Acetone,  COfCH,)^.     Allyl  alcohol.  C8H6(HO). 

PolymerlmL — This  term  is  employed  to  denote  those  cases  in  which  dif- 
ferent compounds  belonging  to  the  same  family  have  the  same  percentage 
composition,  but  differ  in  molecular  weight ;  that  is  to  say,  their  molecules  are 
composed  of  the  same  elements,  which  are  present  in  the  ^asa^ proportion  ;  but 
they  do  not  contain  the  same  actual  numbers  of  the  various  atoms,  and  therefore 
have  different  weights.  Thus,  the  compounds  ethylene  (CjHj),  propylene 
(CsHg),  butylene  (C4H8),  belong  to  the  same  family,  and  have  each  the  same 
percentage  comp>osition,  but  they  differ  in  molecular  weight.  These  sub- 
stances are  said  to  be  polymers  of  one  another. 

^AllOtropy  may  be  regarded  as  a  special  case  of  polymerism.  In  its  widest 
sense  the  term  is  sometimes  used  to  denote  polymerism  in  general,  but  it  is 
usually  restricted  to  those  instances  of  polymerism  which  are  exhibited  by 
elementary  bodies  only.     Many  of  the  elements  are  capable,  under  special 
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conditions,  of  assuming  such  totally  different  habits  and  properties,  that  they 
appear  to  be  entirely  different  substances.  Thus,  the  element  sulphur,  as 
usually  seen,  is  a  primrose-yellow,  opaque,  solid  substance,  extremely  brittle, 
and  readily  dissolved  by  carbon  disulphide.  Under  certain  circumstances  it 
may  be  made  to  appear  a  totally  different  thing ;  it  is  then  a  translucent  amber- 
coloured  substance,  foft  and  elastic  like  indiarubber,  and  insoluble  in  carbon 
disulphide ;  it  is  still  sulphur,  and  sulphur  only.  Phosphorus,  again,  as  usually 
known,  is  a  nearly  colourless,  translucent,  wax-like  solid,  which  melts  at  a 
temperature  only  slightly  above  that  of  the  hand,  and  which  takes  fire  a  few 
degrees  higher;  it  is  also  extremely  poisonous.  Under  special  influences 
phosphorus  can  be  made  to  assume  the  following  properties : — A  dark  reddish- 
brown  powder,  resembling  chocolate,  which  may  be  heated  to  250"  without 
taking  fire,  and  which  is  non-poisonous.  The  substance  is  still  phosphorus, 
and  phosphorus  only.  This  property  possessed  by  certain  of  the  elements  of 
appearing  in  mpre  than  one  form,  of  assuming,  as  it  were,  an  alias,  is  called 
allotropy;  the  more  uncommon  form  being  spoken  of  as  the  allotropic  modifica- 
tion, or  the  allotrope  of  the  other. 

From  a  study  of  the  best  known  instances  of  this  phenomenon,  it  is  believed 
that  allotropy,  in  all  cases,  is  due  to  a  difference  in  the  number  of  atoms  of  the 
element  that  ^re  contained  in  the  molecule.  In  the  case  of  ozone,  which  is 
the  allotrope  of  oxygen,  this  is  known  to  be  the  case.  Ordinary  oxygen 
molecules  consist  of  two  atoms,  while  the  molecule  of  ozone  is  an  aggregation 
of  three  oxygen  atoms. 

OZONE. 

Molecular  symbol,  O3.     Molecular  weight =48.     Density  s  34. 

History. — When  an  electrical  machine  is  in  operation  a  peculiar 
and  characteristic  smell  is  noticed  in  its  vicinity.  The  same  smell 
is  sometimes  observed  in  and  about  buildings,  or  other  objects,  when 
struck  by  lightning.  In  1785  it  was  observed  by  Van  Marum  that 
when  electric  sparks  were  passed  in  oxygen,  the  oxygen  acquired 
this  peculiar  smell.  Sch6nbein  (1840)  showed  that  the  oxygen 
obtained  by  the  electrolysis  of  water  also  contained  this  substance 
having  a  smell,  and  he  gave  to  it  the  name  ozone^  signifying  a  smell. 
Schonbein  made  a  careful  study  of  the  substance,  and  found  that 
it  might  be  obtained  by  various  other  methods.  The  more  recent 
work  of  Andrews,  Soret,  and  Brodie  has  brought  our  knowledge  of 
the  constitution  of  ozone  to  its  present  state. 

Occurpence.— Ozone  is  present  in  the  atmosphere  in  extremely 
small  quantities  (see  Atmospheric  Ozone). 

Modes  of  Formation. — (i.)  Mixed  with  an  excess  of  oxygen, 
ozone  is  best  obtained  by  exposing  pure  dry  oxygen  to  the  influence 
of  the  silent  electric  discharge.  Tliis  may  be  effected  by  means  of 
the  instrument  shown  in  Fig.  36,  known  as  "  Siemens'  ozone  tuht ." 
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oftwoconccmric  glass  tubes,  A  and  B.   Tube  A  is  coated 

•■  surface  ivilh  linfoj],  which  is  brought  into  itteinllic 
:t  with  the  binding  screw  1),  as  shown  in  the  figure.  Tube  It 
is  coated  upon  the  ouUr  surface,  also  with  tinfoil,  which  is  in 
mciallic  connection  with  binding  screw  C.  These  Iwo  surfaces  of 
tinfoil  are  connected  by  means  of  their  respective  binding 


Fio.36. 

to  the  terminals  of  a  Ruhmkorf  coil,  and  the  slow  stream  of  oxygen 
which  is  iulmiticd  at  E,  and  which  passes  along  the  annular  apace 
between  the  Iwo  lubes,  is  there  exposed  10  the  action  of  the  silent 
clecltic  discharge.  A  small  portion  of  the  oxygen  so  piissing 
becomes  converted  into  the  allolropic  niodification,  and  the  mixture 


7 


Fig.  37. 


of  oxygen  and  ozone  issues  from  the  narrow  tube  nl  the  opposite 
end  of  the  apparatus. 

For  geneial  purposes  of  illustralion,  a  very  simple  arrangement 
may  be  substituted  for  the  above.  It  consists,  as  shown  in  Fig.  37, 
of  a  straight  length  of  narrow  glass  tube  having  a  piece  of  platinum 
wire  down  the  inside,  which  passes  out  through  the  walls  of  the 
tube  near  to  one  end,  and  i^  there  sealed  to  the  glass.     A  second 


Ozone  197 

platinum  wire  is  coiled  round  the  outside  of  the  tube,  and  these  two 
wires  are  connected  to  the  induction  coil.  On  passing  a  slow 
stream  of  oxygen  through  the  tube,  the  issuing  gas  will  be  found  to 
be  highly  charged  with  ozone. 

(2.)  Ozone  is  also  formed  when  an  electric  current  is  passed 
through  water  acidulated  with  sulphuric  acid.  Thus,  in  the  ordinary 
electrolysis  o^  water  the  oxygen  evolved  from  the  positive  electrode 
is  found  to  contain  ozone  in  sufficient  quantity  to  be  readily  detected, 
both  by  its  odour  and  by  other  tests. 

(3.)  During  many  processes  of  slow  oxidation  at  ordinary  tempera- 
tures, ozone  is  formed  in  varying  quantities.  Thus,  when  phos- 
phorus is  exposed  to  the  air  an  appreciable  amount  of  ozone  is 
formed.  One  or  two  short  sticks  of  freshly  scraped  phosphorus 
are  for  this  purpose  put  into  a  stoppered  bottle  containing  air,  and 
allowed  to  remain  for  a  short  time,  when  the  air  will  be  found  to 
contain  ozone. 

(4.)  Ozone  is  also  formed  during  the  combustion  of  ether  upon 
the  surface  of  red-hot  platinum.  When  a  spiral  of  platinum  wire  is 
warmed  in  a  gas-flame,  and  while  hot  is  suspended  over  a  small 
quantity  of  ether  contained  in  a  beaker,  the  mixture  of  ether  vapour 
and  air  undergoes  combustion  upon  the  surface  of  the  platinum, 
which  continues  in  an  incandescent  state  so  long  as  any  ether 
remains.  During  this  process  of  combustion  a  considerable  quantity 
of  ozone  is  formed.     (See  also  Peroxide  of  Hydrogen.) 

(5.)  Ozone  is  formed  during  the  liberation  of  oxygen  in  a  number 
of  the  reactions  by  which  that  gas  is  obtained  ;  thus,  from  manga- 
nese dioxide  and  sulphuric  acid  the  oxygen  that  is  evolved  contains 
sufficient  ozone  to  answer  to  the  ordinary  test.  In  the  same  way, 
by  the  action  of  sulphuric  acid  upon  barium  peroxide  or  potassium 
permanganate,  this  allotrope  is  present  with  the  ordinary  oxygen 
that  is  evolved. 

Properties. — As  prepared  by  any  of  the  methods  described, 
ozone  is  always  mixed  with  a  large  excess  of  unaltered  oxygen, 
probably  never  less  than  about  80  per  centi  of  the  latter  gas  being 
present.  Even  in  this  state  of  dilution  it  has  a  strong  and  rather 
unpleasant  smell,  which  rapidly  induces  headache.  When  inhaled 
it  irritates  the  mucous  membranes,  and  is  rather  suggestive  of 
dilute  chlorine. 

Ozone  is  a  most  powerful  oxidising  substance  ;  it  attacks  and 
rapidly  destroys  organic  matter  :  on  this  account  ozonised  oxygen 
cannot  be  passed  through  the  ordinary  caoutchouc  tubes,  as  these 
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e  immediately  destroyed  by  it.  U  bleaches  vegetable  colours, 
t  metals  are  al  once  acted  upon  by  it.  Even  metals  like 
mercury,  which  are  entirely  unaltered  by  ordinary  oxyRCti,  are 
attacked  by  ozone.  Its  action  upon  mercury  is  so  marked  in  its 
result,  thai  the  presence  of  exceedingly  small  traces  of  ozone  can  be 
detected  by  it  ;  the  mercury  is  seen  to  lose  its  condition  of  perfect 
liquidity,  and  adheres  to  the  surface  of  the  glass  vessel  containing 
it,  leaving  "  tails"  upon  the  glass.  Ozone  converts  lead  sulphide 
(PbS)  into  lead  sulphate  (PbSO,),  and  liberates  iodine  from  potas- 
sium iodide — 

2KH-H,0  +  0,=0,+  I;  +  2KHO. 

This  property  is  generally  made  use  of  for  delecting  the  presence 
of  ozone,  advantage  being  taken  of  the  fact  that  iodtiie,  when  aei 
free  from  combination  in  the  presence  of  starch,  gives  rise  to  a 
deep  blue-coloured  compound,  the  reaction  being  one  of  extreme 
delicacy.  In  order  to  apply  this  lesl  for  ozone,  strips  of  paper  are 
dipped  in  an  emulsion  of  starch  to  which  a  small  quantity  of  potas- 
sium iodide  has  been  added.  These  papers  may  be  dried  and 
preserved,  and  are  usually  spoken  of  as  ozone  lest  papers.  When 
one  of  these  papers  is  moistened  with  waier,  and  placed  in  air 
containing  ozone,  the  iodine  is  liberated  from  ihe  potassium  iodide, 
and  being  in  the  presence  of  starch,  the  paper  instantly  becomes 
blue  by  the  formation  of  the  coloured  compiound  of  starch.  It  will 
be  obvious  that  this  method  of  testing  for  ozone  can  only  be  relied 
upon  when  there  is  no  other  substance  present  which  is  able  lo 
decompose  potassium  iodide  ;  for  example,  when  testing  for  Oione 
in  the  atmosphere,  the  presence  of  oxides  of  nitrogen  or  peroxide 
of  hydrogen  (both  of  which  are  capable  of  liberating  iodine,  and 
are  liable  to  be  present  in  the  air)  would  materially  vitiate  the 
result  (see  also  Atmospheric  Ozone).  The  above  decomposition 
of  potassium  iodide  by  ozone  may  be  made  use  of  as  a  lest  for 
ozone  in  another  way,  which,  although  less  dehcate,  is  also  less 
likely  to  be  vitiated  by  ihc  presence  of  other  substances.  Blue 
litmus  papers  are  dipped  into  water  which  has  been  rendered  very 
feebly  acid,  and  to  which  a  small  quantity  of  potassium  Iodide  has 
been  added.  The  papers  may  be  dried  and  preserved.  On 
moistening  one  of  these  papers  with  water  and  exposing  it  to 
ozone  the  iodide  is  decomposed  as  in  the  former  case,  and  the 
potassium  hydroxide  which  is  forttied,  being  a  powerfully  alkaline 
substance,  converts  the  colour  of  the  litmus  from  red  to  blue. 
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When  heated  to  a  temperature  of  about  250*,  ozone  is  retrans- 
formed  into  ordinary  oxygen ;  if,  therefore,  the  ozonised  gas 
obtained  by  means  of  the  Siemens'  ozone  tube  be  passed  through 
a  glass  tube  heated  by  means  of  a  Bunsen  flame,  the  whole  of  the 
ozone  will  be  decomposed,  and  the  issuing  gas  will  therefore  be 
found  to  be  without  action  upon  the  ozone  test  papers. 

Ozone  is  also  decomposed  by  certain  metallic  oxides,  such  as 
those  of  manganese,  copper,  and  silver.  The  action  appears  to  be 
one  of  alternate  reduction  and  oxidation,  the  metallic  oxide  remain- 
ing unaltered  at  the  conclusion,  thus — 

AgaO  +  03=Agj+202. 
Ag2  +  03=Ag20  +  0,. 

The  oxidising  power  of  ozone  is  due  to  the  instability  of  the  mole- 
cule and  the  readiness  with  which  it  loses  an  atom  of  oxygen, 
leaving  a  molecule  of  ordinary  oxygen,  thus — 

Oj^O  +  Oj. 

The  oxygen  molecule  is  comparatively  inert,  but  the  liberated  atom 
in  its  nascent  state  is  endowed  with  great  chemical  activity.  No 
change  of  volume  accompanies  these  processes  of  oxidation  by 
ozone,  as  the  volume  of  the  oxygen  molecule  (Oj)  is  the  same  as 
that  of  the  ozone  molecule  (O3),  the  third  atom  of  oxygen  being  that 
which  enters  into  new  combination  with  the  oxidised  substance. 

Ozone  is  soluble  to  a  slight  extent  in  water,  imparting  to  the 
solution  its  own  peculiar  smell.  1000  c.c.  of  water  dissolve  about 
4.5  c.c.  of  ozone. 

Under  the  influence  of  extreme  cold,  ozone  condenses  to  liquid 
having  an  intense  blue  colour.  So  deep  is  the  colour,  that  a  layer 
of  it  2  mm.  in  thickness  is  opaque.  This  liquid  is  obtained  by 
passing  ozonised  oxygen  through  a  tube  which  is  cooled  by  being 
immersed  in  boiling  liquid  oxygen,  which  has  a  temperature  of 
-  182.5".  At  this  temperature  the  ozone  liquefies,  but  most  of  the 
oxygen  with  which  it  was  mixed  passes  on.  In  a  higher  state  of 
purity  it  has  been  more  recently  obtained  by  first  liquefying  ozonised 
oxygen,  and  then  separating  the  more  volatile  oxygen  by  fractional 
distillation.  Liquid  ozone  boils  at  —  II9^  It  is  described  by 
Olszewski  and  Dewar  as  an  extremely  explosive  substance. 

Constitution  of  Ozone. — The  fundamental  difference  between 
ordinary  oxygen  and  its  allotrope  ozone  lies  in  the  fact  that  the 
molecule  of  the  latter  contains  three  atoms,  while  that  of  ordinary 
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oxygen  consists  of  only  two.  Ozone,  therefore,  is  a  polymer  of 
oxygen ;  its  molecule  is  more  condensed,  three  atoms  occupying 
two  unit  volumes.  This  conclusion  as  to  the  constitution  of  ozone 
has  been  arrived  at  from  the  consideration  of  a  number  of  experi- 
mental facts. 

(i.)  When  oxygen  is  subjected  to  the  action  of  the  electric  dis- 
charge, it  is  found  to  undergo  a  diminution  in  volume.*  This  was 
shown  by  Andrews  and  Tait  by  means  of  the  tube  seen  in  Fig.  38. 
The  tube  was  filled  with  dry  oxygen,  which  was  prevented  from 
escaping  by  means  of  the  sulphuric  acid  contained  in  the  bent  por- 
tion of  the  narrow  tube,  which  served  as  a  manometer.    When  the 

silent  discharge  was  passed  through  the  oxygen,  a 
contraction  in  the  volume  took  place,  indicated  by 
a  disturbance  of  the  level  of  the  acid  in  the  syphon. 
When  the  tube  was  afterwards  heated  to  about 
300^  C.  and  allowed  to  cool,  the  gas  was  found  to 

Ui  -  have  returned  to  its  original  volume,  and  to  be 
I  devoid  of  ozone.  This  could  be  repeated  inde- 
i  ^  finitely,  the  gas  contracting  when  ozonised  and  re- 
^  expanding  when  the  ozone  was  converted  by  heat 
into  ordinary  oxygen.  As  only  a  very  small  propor- 
tion of  the  oxygen  was  converted  into  ozone,  this 
experiment  alone  afforded  no  clue  as  to  the  rela- 
tion between  the  change  of  volume  and  the  extent 
to  wnich  this  conversion  took  place. 

(2.)  A  small  sealed  glass  bulb,  containjng  a  solu- 
tion of  potassium  iodide,  was  placed  in  the  tube 
before  the  experiment.  The  oxygen  was  ozonised, 
and  the  usual  contraction  noticed.  The  bulb  was 
then  broken,  and  on  coming  in  contact  with  the  ozone  present 
the  potassium  iodide  was  decomposed,  iodine  being  liberated. 
No  further  contraction,  however,  followed  ;  and,  further,  when  the 
tube  was  subsequently  heated  to  300°  and  cooled,  the  gas  suffered 
no  increase  in  volume.  By  carefully  estimating  the  amount  of 
iodine  that  was  liberated  by  the  ozone,  the  actual  amount  of  oxygen 
which  had  caused  this  liberation  could  be  determined  according 
to  the  equation — 

2KI  +  H20  +  0=l2  +  2KHO, 

and  it  was  found  that  the  volume  of  oxygen  so  used  up  was  exactly 

*  "  Chemical  Lecture  Experiments,"  new  ed.,  Nos.  63,  64, 
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equal  to  the  contraction  which  first  resulted  on  the  ozonisation  of 
the  oxygen. 

These  facts  proved  that  when  potassium  iodide  was  oxidised  by 
ozone  a  certain  volume  of  ordinary  oxygen  was  liberated,  which 
was  equal  to  the  volume  of  ozone ; 
and  a  certain  volume  was  used  up, 
which  was  equal  to  the  original 
contraction. 

These  facts  were  explained  by 
the  supposition  that  ozone  was  repre- 
sented by  the  molecular  symbol  O3 ; 
and  its  action  upon  potassium  iodide 
may  be  expressed  as  follows —  Ik  \MM       I^MS  C 

2KI  J-  HjO  +  08=0,  +  Ij  +  2KH0. 

(3.)  To  prove  the  correctness  of  J' 
this    supposition,  however,    it    was  ?' 
necessary  to  learn  the  exact  relation 
between  these  two  volumes.     This 
Soret  did,  by  making  use  of  the  pro-   , 
perty  possessed  by  turpentine  (and^ 
other    essential    oils)  of  absorbing 
ozone  without  decomposing  it ;  and 
he  found    that    the    diminution   in 
volume  which  took  place  by  absorb- 
ing ozone  from  ozonised  oxygen  was 
exactly  twice  as  great  as  the  increase 
in    volume  that  resulted  when  the 
same    volume  of   ozonised  oxygen 
was  heated. 

This  fact  may  be  shown  by  means 
of  the  apparatus.  Fig.  39.*  The 
oxygen  to  be  ozonised  is  contained 
in  the  annular  space  between 
the  elongated  hollow  stopper,  which 
reaches  nearly  to  the  bottom,  and 
the  outer  tube.  The  turpentine  is 
contained  in  a  little  sealed  thin  glass  tube  d,  almost  capillary  in  bore, 
which  is  held  in  position  between  four  little  projecting  glass  points  a 
and  b  upon  the  stopper  and  outer  tube.     The  temperature  is  main- 

♦  Ncwth,  Trans,  Chem.  Soc,,  1896.  p.  1298. 


Fia  39. 


202 


Inorganic  Chemistry 


tained  constant  throughout  the  experiment  by  placing  the  apparatus 
in  melting  ice.  One  wire  from  the  induction  coil  is  dipped  into  the 
ice  water,  while  the  other  passes  into  the  dilute  acid  contained  in  the 
stopper.  When  the  electric  discharge  is  passed  a  portion  of  the 
oxygen  is  ozonised,  resulting  in  a  contraction  in  the  volume  which 
is  indicated  by  a  rise  of  the  liquid  in  the  gauge  ;  when  sufficient 
contraction  has  taken  place  the  discharge  is  interrupted,  and  the 
contents  of  the  capillary  tube  brought  into  contact  with  the  gas. 
This  is  done  by  a  slight  twist  of  the  stopper,  which  thereby  crushes 
the  little  tube  and  throws  out  the  turpentine.  Immediately  a 
further  contraction  takes  place,  due  to  the  absorption  of  the  ozone 
by  the  reagent,  and  if  the  gauge  be  graduated  it  will  be  seen  that 
this  second  contraction  is  twice  as  great  as  the  first. 

(4.)  If  the  molecule  of  ozone  be  correctly  represented  by  O3,  its 
density  will  be  24,  as  against  16  for  oxygen  ;  and  its  rate  of  diffu- 
sion will  be  proportionately  slower  in  accordance  with  the  law  of 
gaseous  diffusion  (see  Diffusion  of  Gases,  p.  84).  Soret  found  that 
this  was  actually  the  case,  and  from  his  experiments  the  number  24 
for  the  density  of  ozone  receives  conclusive  confirmation. 


CHAPTER    III 

COMPOUNDS  OF  HYDROGEN    WITH   OXYGEN 

There  are  two  oxides  of  hydrogen  known,  vU.  : — 

Hydrogen  monoxide,  or  water       ....     M,0 
Hydrogen  dioxide HjO, 

WATER. 

Formula.  HjO.     Molecular  weighl  =  iB.oa. 

Until  the  time  of  Cavendish,  water  was  considered  to  be  an 
elementary  substance.  Priestley  had  noticed  that  when  hydrogen 
and  oxygen  were  mixed  and  inflamed,  nioisture  was  produced, 
and  he  had  also  observed  that 
the  water  so  obtained  was  some- 
times acid.  Cavendish  showed 
that  the  water  was  actually  the 
product  of  the  chemical  union  of 
hydrogen  with  oxygen,  and  he 
also  discovered  that  the  acidity 
which  this  water  sometimes 
sessed  was  due  to  the  presence 
of  small  qtwntities  of  nitric  acid ; 
and  he  traced  the  formation  of 
this  acid  to  the  accidental  pre- 
sence of  nitrogen  (from  tY 
mosphere)  with  which  the  gases 
were  sometimes  contaminated. 

Cavendish  filled  a  graduated 
bell-jar  with  a  mixture  of  hydro-  p,r„  40. 

gen  and  oxygen,  in  the  propor- 
tion of  two  volumes  of  the  former  to  one  of  oxygen,  and  he  attached 
to  the  bell-jar  a  stout  glass  vessel  resembling  the  pear-shaped 
apparatus  shown  in  Fig.  40,  which  was  perfectly  dry  and  rendered 
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vacuous.  On  opening  the  stop-cocks,  gas  entered  the  exhausted 
tube,  which  was  furnished  at  the  top  with  two  platinum  wires.  The 
cocks  were  again  closed  and  an  electric  spark  passed  through  the 
mixed  gases,  thereby  causing  their  explosion,  when  the  interior 
surface  of  the  previously  dry  glass  vessel  was  found  to  be  dimmed 
with  a  film  of  moisture.  On  again  opening  the  stop-cocks  more 
gas  was  drawn  into  the  upper  vessel,  the  same  volume  passing  in 
as  originally  entered  the  evacuated  apparatus.  This  showed  that 
the  two  gases  in  their  combination  with  each  other  had  entirely 
disappeared.  By  repeatedly  filling  the  vessel  with  the  mixed  gases 
and  causing  them  to  unite  in  this  way.  Cavendish  succeeded  in 
collecting  sufficient  of  the  water  to  identify  the  liquid,  and  prove 
that  it  was  in  reality  pure  water. 

The  more  exact  volumetric  proportion  in  which  oxygen  and 
hydrogen  combine  to  form  water  has  been  determined  by  modern 
eudiometric  methods  which  have  been  developed  from  Cavendish's 
experiment  Accurately  measured  volumes  of  the  two  gases  are 
introduced  into  a  long  graduated  glass  tube  standing  in  the 
mercurial  trough  and  provided  with  two  platinum  wires,  by  means 
of  which  an  electric  spark  can  be  passed.  The  gases  are  caused  to 
unite  by  means  of  the  spark,'  and  the  contraction  in  volume  is 
carefully  observed.  Fig.  41  shows  the  apparatus  for  this  purpose. 
The  long  glass  tube  A  having  a  millimetre  scale  graduated  upon  it, 
and  having  two  platinum  wires  sealed  into  the  glass  near  the  upper 
and  closed  end,  is  completely  filled  with  mercury  and  inverted  in 
the  trough  of  the  same  liquid  :  this  tube  is  known  as  a  eudiometer. 
A  quantity  of  pure  oxygen  is  then  introduced  into  the  tube,  and 
the  volume  occupied  by  the  gas  carefully  read  off  upon  the  gradua- 
tions. Seeing  that  the  volume  occupied  by  a  given  mass  of  gas  is 
dependent  both  upon  the  temperature  and  the  pressure,  each  of 
these  factors  has  to  be  taken  into  account  in  the  process  of  this 
experiment  The  temperature  is  ascertained  by  the  attached 
thermometer  T.  The  pressure  under  which  the  gas  is,  will  be  the 
atmospheric  pressure  at  the  time  (ascertained  by  the  barometer  B 
placed  near  the  apparatus)  minus  the  pressure  of  a  column  of 
mercury,  equal  to  the  height  of  the  mercury  within  the  eudiometer 
above  the  level  of  that  in  the  trough.  This  height  is  obtained  in 
millimetres  by  carefully  reading  upon  the  graduated  scale  the  level 
of  the  mercury  in  the  trough  and  the  top  of  the  column  in  the 
tube,  and  the  number  of  millimetres  so  obtained  is  deducted  from 
the  barometric  reading.    These  observations  are  made  by  means  of 
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a  telescope  placed  at  such  a  convenient  distance  that  the  heat  of 
the  body  may  not  introduce  disturbances. 

The  data  obtained  give  the  volume  of  gas  at  a  particular  tem- 
perature, and  under  a  pressure  less  than  that  of  the  atmosphere. 
By  the  process  of  calculation  explained  under  the  general  pro- 
perties of  gases  (p.  69),  this  is  reduced  to  the  standard  temperature 
and  pressure,  viz.,  0°  and  760  mm. 

A  quantity  of  hydrogen  is  then  introduced  into  the  eudiometer, 
considerably  in  excess  of  that  required  for  complete  combination 


with  the  oxygen,  and  the  volume  again  ascertained  with  the  above 
precautions  and  corrections. 

The  difference  between  the  first  and  second  reading  will  give  the 
volume  of  hydrogen  which  has  been  added. 

The  eudiometer  is  then  firmly  held  down  against  a  pad  of  caout- 
chouc upon  the  bottom  of  the  trough,  and  the  gases  fired  by  an 
electric  spark  from  a  Ruhmkorff  coil.  A  bright  flash  of  light 
passes  down  the  tube,  and  on  releasing  it  from  the  indiarubber  bed, 
mercury  enters  10  (ill  the  space  previously  occupied  by  the  gases 
which  have  combined. 
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On  allowing  the  instrument  to  once  more  acquire  the  tempera- 
ture of  the  surrounding  atmosphere,  the  residual  volume  is  read  off 
and  corrected  for  temperature  and  pressure. 

The  following  data  have  now  been  obtained  : — 

(i.)  The  volume  of  oxygen,  corrected  for  temperature  and 
pressure. 

(2.)  The  volume  of  mixed  oxygen  and  hydrogen,  corrected  for 
temperature  and  pressure. 

(3.)  The  volume  of  residual  hydrogen,  corrected  for  tempera- 
ture and  pressure. 

A  concrete  example  will  explain  how  the  result  is  deduced  from 
these  observations  : — 


Corrected  volume  of  oxygen  used   . 

Corrected  volume  after  the  addition  of  hydrogen 

Corrected  volume  of  residual  hydrogen  . 


45-35 
256.05 

lao.io 


256. 05  -  45.35 = 210. 70 = total  volume  of  hydrogen  employed. 
210.70-120.10=  90.60= volume  of  hydrogen  which  has  combined  with 
45.35  volumes  of  oxygen. 

•  *•  45-35 : 1  •  ••  90-60 : 1.997- 
.*.  One  volume  of  oxygen  has  combined  with  1.997  volume  of  hydrogen 
to  form  water.* 

The  volume  composition  of  water  may  be  shown  by  analytical 

processes,  as  well  as  the  synthetical 
method  described  above.  This  decom- 
position of  water  is  most  conveniently 
effected  by  means  of  an  electric  cur- 
rent If  the  two  terminals  from  a  gal- 
vanic battery  are  connected  to  two 
pieces  of  platiniun  wire  or  foil,  and 
these  are  dipped  into  acidulated  water, 
bubbles  of  gas  make  their  appearance 
upon  each  of  the  wires.  If  these  two 
strips  of  platinum  be  so  arranged  in  a 
bottle  that  all  the  gas  evolved  escapes 
by  a  delivery-tube  (Fig.  42),  it  will 
be  found  that  the  gas  explodes  violently  on  the  application  to  it 

*  In  accurate  experiments  the  volume  occupied  by  the  minute  quantity  of 
water  formed  has  to  be  taken  into  account,  and  a  number  of  other  corrections 
have  to  be  made  that  are  not  mentioned  in  this  outline  description  of  the 
process. 


Fig.  42. 
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of  a  lighted  taper,  showing  it  to  be  a  minti 
drogen.  By  modifying  the  apparatus  in 
such  a  way  that  the  gas  from  each  platinum 
plate  shall  be  collected  in  separate  tubes, 
so  arranged  that  the  volumes  of  the  gases 
can  be  measured,  it  is  found  that  twice  as 
much  hydrogen  is  evolved,  in  a  given  time, 
as  oxygen.  A  convenient  form  of  volta- 
meter is  seen  in  Fig.  43,  where  the  two 
measuring  tubes  are  suspended  over  the 
platinum  plates  contained  in  a  glass  basin. 
The  electrode,  which  is  connected  with  ihe 
negative  terminal  of  the  battery,  is  the  one 
from  which  the  larger  volume  of  gas,  vii., 
the  hydrogen,  is  evolved,  while  the  oxygen 
is  liberated  at  the  positive  plate. 

When  the  volumes  of  the  gases  are  care- 
fully measured,  it  is  found  thai  ihey  are  not 
exactly  in  the  proportion  of  two  of  hydro- 
gen 10  one  of  oxygen,  but  that  the  oxygen 
is  in  deficit  of  this  proportion.  This  is  due, 
in  Ihe  first  place,  to  the  greater  solubility 
of  oxygen  in  water  than  of  hydrogen  ;  and, 
secondly,  to  the  formation  of  a  certain 
quantity  of  oione  during  the  elecltolysis, 
whereby  there  is  a  shrinking  of  volume  in 
the  proportion  of  three  to  two. 


t  of  oxygen  and  hy- 


The  "  electrolysis  of  waller,"  as  Ihls  process  Is  usually  called,  is  nol  ilie 
simple  phenomenon  thai  at  first  sight  it  might  appear  to  be.  In  the  first 
place,  pure  water  is  nol  an  eleclrolyle.  and  it  is  necessary  either  (o  acidulate 
il  nr  to  render  U  alkaline  by  the  Bddiiion  of  sodium  or  potassiunt  hydroxides. 
Solutions  of  these  sutntances  in  water  are  eleclrolytes,  and  the  substances  are 
dissociated  into  Ihor  respective  ions  (s<e  Electrolysis.  Chap.  li.)  to  an  extent 
depending  upon  the  degree  of  dilution  of  thesolution.  In  Ihe  case  of  waiter 
acidulated  with  sulphuric  acid,  these  ions  are  2H  and  SOj.  The  first  action 
of  the  electric  current.  Iherefoie,  is  to  cause  these  ions  to  travel  to  their  respec- 
li\e  electrodes  and  there  to  discharge  iheir  electricity;  the  hydn^en  ions 
going  to  the  cathode,  and  the  SO4  ions  to  Ihe  anode.  The  hydrogen  ions  at 
the  cathode,  after  becoming  discharged  of  their  positive  electricity,  unite  to 
form  motecuies  of  hydrogen  which  ihen  escape  as  gas.    At  the  anode  (he  SO4 


ion 


after  d 


vhicb  it 
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acid  and  liberation  of  oxygen.  The  eflfect  of  the  current  may  be  represented 
thus — 

At  the  Cathode.  At  the  Anode. 

2Ha  2S04+2H,0=2H2S04+02. 

Indirectly,  therefore,  the  water  is  decomposed.  As  already  stated,  some  of 
the  nascent  oxygen  is  converted  into  ozone,  some  also  imites  with  water  to 
form  hydrogen  peroxide,  HjO],  and  probably  a  still  larger  quantity  is  employed 
in  oxidising  the  sulphuric  acid  to  persulphuric,  which  is  always  formed  in 
solution  at  the  anode.  '  Berthelot  considers  that  the  variation  of  the  proportion 
of  hydrogen  and  oxygen  evolved  during  the  electrolysis  of  dilute  sulphuric  acid, 
from  the  proportion  of  two  volumes  of  hydrogen  to  one  volume  of  oxygen,  is 
mainly,  if  not  entirely,  due  to  the  formation  of  persulphuric  acid. 

It  has  been  recently  shown*  that  the  purest  "electrolytic  gas," 
as  this  mixture  of  hydrogen  and  oxygen  is  called,  is  obtained  by 
the  electrolysis  of  pure  barium  hydroxide.  Under  these  circum- 
stances the  oxygen  contains  no  ozone  or  hydrogen  peroxide. 

The  Volumetric  Composition  of  Steam.— When  a  mixture  of 

oxyg§n  and  hydrogen  is  exploded  in  a  eudiometer,  we  have  seen 
that  a  certain  contraction  of  volume  follows,  due  to  the  formation 
of  water  by  the  uniting  gases.  The  oxygen  and  hydrogen  that 
have  entered  into  combination  have  disappeared  as  gases,  the 
volume  of  the  resultant  water  being  practically  negligible.  It  is 
important  to  know  what  relation  exists  between  the  volume  of 
the  uniting  gases  and  the  volume  of  the  product  of  their  combina- 
tion when  in  a  state  of  vapour — that  is  to  say,  what  volume  of 
steam  is  produced  by  the  union  of  one  volume  of  oxygen  with 
two  volumes  of  hydrogen  ;  in  other  words,  whether  there  is  any 
molecular  contraction  in  the  formation  of  steam. 

To  ascertain  this,  the  mixed  gases,  in  the  exact  propoitions  to 
form  water,  must  be  made  to  combine  under  such  circumstances 
that  the  product  shall  remain  in  a  state  of  gas  or  vapour,  so  that 
its  volume  and  that  of  the  mixed  gases  may  be  measured  under 
comparable  conditions.  For  this  purpose  a  mixture  of  oxygen  and 
hydrogen,  obtained  by  the  electrolysis  of  acidulated  water,  is  in- 
troduced into  the  closed  limb  of  the  U-shaped  eudiometer  shown 
in  Fig.  44.t  This  tube  is  graduated  into  three  equal  divisions, 
indicated  by  the  broad  black  bands,  and  is  furnished  with  two 
platinum  wires  at  the  closed  end.  It  is  also  surrounded  by  an 
outer  tube,  so  that  a  stream  of  vapour  from  some  liquid,  boiling 

*  Baker,  Jour.  Chem.  Soc.,  April  1902. 

t  See  Experiments  'Nos.  74  and  75,  "  Chemical  Lecture  Experiments," 
new.  ed. 
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above  the  boiling-point  of  «ater,  can  be  made  to  circulate.  The 
most  convenient  liquid  for  the  purpose  is  amyl  alcohol,  which 
boils  at  130*.  In  this  way  the  eudiometer  and  the  contained  gases 
will  be  maintained  at  a  constant  temperature  high  enough  to  keep 
the  water  formed  by  their  combination  in  the  state  of  vapour. 

The  amyl  alcohol  is  briskly  boiled  in  the  flask,  and  its  vapour  is 
led  into  the  tube  surrounding  the  eudiometer.  The  leniperaturc  of 
the  mixed  gases  is  thereby  raised  to  130',  and  they  occupy  the 
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three  divisions  of  ihe  tube  when  the  mercury  in  the  open  limb  is 
at  ihe  same  level,  that  is,  when  the  gases  are  under  atmospheric 
pressure.  The  amyl  alcohol  vapour  leaves  the  apparatus  by  the 
glass  tube  at  the  bottom,  and  is  conveyed  away  and  condensed. 
An  electric  spark  is  then  passed  through  the  gases  by  means  of  the 
induction  coil.  (In  order  to  prevent  the  mercury  from  being 
forcibly  ejected  from  the  open  limb  of  the  U-iube  at  the  moment  of 
explosion,  an  additional  quantity  of  mercury  is  poured  in,  and  the 
open  end  is  closed  by  the  thumb  when  the  spark  is  passed.)  On 
bringing  the  enclosed  gas  again  to  the  atmospheric  pressure,  by 
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adjusting  the  level  of  ilic  mercury  until  it  is  once  nm 
height  in  each  limb,  it  will  be  found  that  the  metcur>'  in  ihe  eudio- 
meter is  now  standing  at  the  second  band  ;  that  is  to  say,  ihe  three 
volumes  of  gas  originally  present  have  now  become  two  voUimeSi 
steam.    TTiis  condensation  is  expressed  in  the  molecular  e»iuaii( 


0,+2Hj=2H30. 


e  Gravimetric  Composition  of  Wat«r.— Having  learned 
omposiiion  of  water  by  volume,  and  knowing  also  that  the 
vc  ivpi«;hts  of  equal  volumes  of  oxygen  and  hydrogen  are  as 
;  I,  the  composition  by  weight  can  readily  be  calculated,  tliiM 

1  volume  of  oxygen        =  15.88 

2  volumes  of  hydrogen  —    2.00 


weight  of  hydrogen  and  15.88  parts  of  oxygen,  or,  expressed* 
mally,  we  have — 


Oxygen     . 
Hydrogen 


\ 


The  composition  of  water  by  weight  has  been  experimentally 
determined  with  great  care  by  a  number  of  chemists. 

The  apparatus  shown  in  Fig.  4;  represents  the  method  employed 
by  Uiunas  (1843).    When  copper  oxide  is  heated  in  a  stream  of 
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hydrogen,  the  copper  oxide  is  deprived  of  its  oxygen,  which  unites 
with  the  hydrogen  to  form  water — 

CuO+H2=Cu+H,0. 

Dumas'  method  is  based  upon  this  reaction.  A  weighed  quantity 
of  perfectly  dry  copper  oxide  was  heated  in  the  bulb  A,  in  a  current 
of  hydrogen  generated  from  zinc  and  sulphuric  acid  in  the  bottle  H, 
and  rendered  absolutely  pure  and  dry  by  its  passage  through  a 
series  of  tubes  containing  absorbents.  The  water  formed  by  the 
union  of  the  hydrogen  with  the  oxygen  of  the  copper  oxide  was 
collected  in  the  second  bulb,  B,  previously  weighed  ;  and  the  un- 
condensed  aqueous  vapour  which  was  carried  forward  in  the  stream 
of  hydrogen  was  arrested  in  the  weighed  tubes  which  follow.  The 
increase  in  weight  of  the  bulb  B  and  the  weighed  tubes  gave  the 
total  weight  of  water  produced  ;  while  the  loss  of  weight  suffered 
by  the  copper  oxide  gave  the  weight  of  oxygen  contained  in  that 
water.  The  difference  between  these  two  weights  is  the  weight 
of  the  hydrogen  that  entered  into  combination  with  the  oxygen. 

As  a  mean  of  many  experiments  it  was  found  that  in  the  forma- 
tion of  236.36  grammes  of  water  the  oxygen  given  up  by  the 
copper  oxide  was  210.06  grammes. 

236.36-  2  iao6  ==  26.30, 

therefore  236.36  grammes  of  water  were  made  up  of 

Hydrogen  =  26.30 
Oxygen     =210.06 


236.36 
The  ratio  of  hydrogen  to  oxygen  is  therefore  as  2  : 1 5.88, 

Hydrogen  prepared  from  zinc  and  sulphuric  acid  is  liable  to  contain  traces  of 
(i.)  Sulphuretted  hydrogen.     This  is  absorbed  in  the  first  tube  containing 

broken  glass  moistened  with  a  solution  of  lead  nitrate. 
(2. )  Arsenuretted  hydrogen      (  absorbed  in  the  second  tube,  filled  with  glass 
(3. )  Phosphoretted  hydrogen   (     moistened  with  silver  sulphate. 

/'absorbed  in  the  third  tube,  containing  in  one  limb 
pumice   moistened  with   a  solution  of  potassium 
hydroxide,  and   in   the  other  fragments  of  solid 
potassium  hydroxide. 
Tubes  4,  5, 6,  and  7,  containing  solid  potassium  hydroxide  and  phosphorus 
pentoxide  (the  two  latter  being  placed  in  a  freezing-mixture),  are  for  the  pur- 
pose of  withdrawing  every  trace  of  aqueous  vapour.    Tube  8  was  weighed  btfet*. 


(4.)  Sulphur  dioxide 
(5.)  Carbon  dioxide 
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.-Lcid  used  uns  previously  boile 
alter  the  eiperimeni ;  while  tub 
end  lo  prevenl  wiy  absorption  c 
Since  the  time  of  Dumas  ll 
experimenters,  wii 


subj. 


were  weighed  both  before  and 
101  weighed,  wm  placed  at  Ihe 
isphcric  moisture  by  ihe  weighed  tulies. 
I  has  been  reinvestigated  by  other 
ious  modilicalicns  into  llie  procf^s; 
hydrogen  directly  and  of  eiiminaliuK 
ng  from  Ihe  prespnee  of  inipuriiles  in 
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the  hydrogen,  the  liydrogen  has  been  alisorljed  by  palladium.  The  i 
charged  u>llh  hydrogen  can  be  weighed  before  and  after  the  experim 
Ibe  actual  tueigkl  eS  hydrogen  used  directly  ascf^noined. 

Most  recently  Ihe  mailer  has  been  investigaled  by  Scott  and  Raylei 
the  rrsiills  obtained  ihow  only  the  sliRhlehl  departure  from  Ihe  i 
obtained  by  Dumas. 

Properties  of  WateT.— Pure  water  is  a  tasteless  and  orfourld 
liquid.     When  seen  in  moderate  quantities  it  appears  to  be  colol 
less,  but  wlien  viewed  through  a  stratum  of  considerable  ihickr 
it  presents  a  beautiful  greenish-blue  colour.    This  colour  majfj 
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seen  by  filling  a  horizontal  tube  about  15  feet  long  with  the  purest 
water,  and  passing  a  strong  beam  of  light  through,  it.  It  may  also 
be  perceived  by  directing  a  ray  of  light  through  a  tall  cylinder  of 
water  in  the  manner  shown  in  the  figure,  and  causing  it  to  be  reflected 
up  through  the  water  from  the  surface  of  a  layer  of  mercury  at  the 
bottom ;  the  immerging  ray,  being  then  reflected  upon  a  screen, 
shows  the  characteristic  colour  of  the  water.  Wy  intercepting  the 
ray  by  a  hand  mirror  at  A,  the  white  light  can  be  thrown  upon  the 
screen  as  a  contrast  to  the  greenish-blue  tint. 

Aitkin  has  recently  shown  that  the  presence  of  extremely  finely 
divided  suspended  matters  in  water  will  give  to  the  liquid  the  appear- 
ance of  a  blue  colour.  Thus,  in  tanks  where  water  is  being  softened 
by  the  addition  of  milk  of  lime,  after  the  bulk  of  the  precipitated  chalk 
has  settled,  and  only  the  finest  particles  still  remain  suspended  in 
the  liquid,  it  is  often  noticed  that  the  water  appears  to  have  a  rich 
blue  colour.  The  wonderful  blue  colour  of  the  waters  of  many  of 
the  Swiss  lakes  is  probably  due  in  part  tc^this  optical  phenomenon 
as  well  as  to  the  intrinsic  colour  of  the  water.  When  a  mass  of 
pure  snow,  such  as  falls  in  high  mountainous  regions,  is  broken 
open  in  such  a  way  that  the  light  is  reflected  from  side  to  side 
of  the  small  crevice,  the  true  greenish-blue  colour  of  the  water  is 
very  manifest.  u 

Water  is  compressible  to  only  a  very  slight  extent ;  thus,  under 
an  additional  pressure  of  one  atmosphere,  1000  volumes  of  water 
become  999.95  volumes. 

Small  as  this  compressibility  is,  it  exerts  an  important  influence  upon  the 
distribution  of  land  and  water  upon  the  earth.  It  has  been  calculated  that 
owing  to  this  compression,  where  the  ocean  has  a  depth  of  six  miles,  its  surface 
is  lower  by  620  feet  than  it  would  be  if  water  were  at)solutely  non-compressible; 
and,  calculated  from  the  average  depth  of  the  sea,  its  average  level  is  depressed 
Z16  feet.  The  effect  of  this  depression  of  the  se^-Ievel  is  that  a,ooo,ooo  square 
miles  of  land  are  now  uncovered  which  would  otherwise  be  submerged  beneath 
the  ocean. 

Water  is  an  extremely  bad  conductor  of  heat.  A  quantity  of  water 
contained  in  a  tube  held  obliquely  may  be  boiled  by  the  application 
of  heat  to  the  upper  layers  without  appreciably  affecting  the 
temperature  of  the  water  at  the  bottom  ;  a  fragment  of  weighted 
ice  sunk  to  the  bottom  will  remain  for  a  long  time  unmelted,  while 
the  water  a  few  inches  above  it  is  vigorously  boiling.  This  low 
conductivity  for  heat  is  shared  in  common  by  all  liquids  that  are 
not  metallic     Indeed,  Guthrie  has  shown,  that  water  conducts  heat 
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Stea 
(see  p. 


called  s 


any  otlier  substance  which  is  liquid  at  the  ordinary 
;,  wiijj  the  exception  of  mercury. 

Under  a  pressure  of  760  mm.,  water  boils  at  100° 
I,  and  is  converted  into  a  colourless  and  invisible  gas 
The  visible  effect  that  is  observed  when  steam  is 
ssue  into  the  atmosphere  is  due  to  the  condensation  of 
1  the  form  of  minute  drops  of  water.  What  is  popularly 
n  is  in  reality,  therefore,  not  steam,  but  an  aggrega- 
tion of  small  particles  of  liquid  water.  The  invisibility  of  steam 
is  readily  demonstrated  by  boiling  a  small  quantity  of  water  in  a 
capacious  flask  ;  as  the  steam  issues  from  the  neck  it  condenses 
in  contact  with  the  cool  air  and  presents  the  familiar  appearance, 
but  within  the  flask  it  will  be  perfectly  transparent  and  invisible. 

loo. — At  a  temperature  of  o"  water  solidifies  to  a  transparent 
crystalline  mass.  In  the  act  of  solidification  the  water  expands 
by  nearly  j^th  of  its  volume,  10  volumes  of  water  become  10.908 
volumes  of  ice  :  solid  water,  therefore,  is  specifically  tighter  than 
liquid  water,  and  floats  upon  its  surface.  Water  in  ihis  respect  is 
anomalous,  for  in  Ihe  case  of  most  other  substances  the  solid  form 
is  denser  than  the  liquid.  The  disruptive  force  exerted  by  water  at 
the  moment  of  freezing  is  the  cause  of  the  bursting  of  pipes  and 
other  vessels  containing  water  during  winter;  and  it  is  also  an 
important  factor  in  the  economy  of  nature  in  the  disintegration  of 
rocks  and  of  soil.  Under  certain  conditions  water  may  be  cooled 
many  degrees  below  0°  without  soiidilication  taki.ig  place.  Thus, 
if  a  small  quantity  of  water  contained  in  a  vacuous  tube  be  care- 
fully cooled  without  being  subjected  to  vibration,  its  temperature 
may  be  lowered  to  -  1 5°  without  it  solidifying  ;  a  slight  shock, 
however,  at  once  causes  it  to  pass  into  the  solid  state,  when  its 
temperature  instantly  rises  to  0°  (see  p.  t  j6).  Although  the  exact 
temperature  at  which  water  freezes  is  liable  to  uncertainly  from 
this  cause,  the  point  at  which  ice  tnclts  is,  under  ordinary  cir- 
cumstances, constant,  vii.,  o'.  Under  increased  pressure  ice 
will  meli  at  temperatures  below  0°  ;  thus,  Mousson  found  that, 
under  a  pressure  of  13,000  atmospheres,  ice  melted  at  —  iS'.  The 
melting-point  of  ice  is  lowered  by  about  0.0074°  by  each  additional 
atmosphere  of  pressure  (see  p.  137). 

Between  the  temperatures  of  -h4°and  100°,  water  follows  the 
ordinary  laws  that  govern  the  expansion  and  contraction  of  liquids 
due  to  change  of  temperature ;  if  water  be  cooled  from  too',  it 
jrradually  r~        -  ■-  until  the  temperature  reaches  4'.     Between 
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this  point  and  o*"  it  forms  a  remarkable  exception  to  the  general 
law,  for,  when  cooled  below  4*,  it  slowly  expands  -instead  of  con- 
tracting, and  continues  expanding  until  o"  is  reached,  when  it 
solidifies.  At  4**,  therefore,  water  expands  whether  it  be  heated 
or  cooled  ;  consequently,  at  this  point  it  is  denser  than  at  any 
other  temperature.  This  temperature  is  known  as  its  point  of 
maximum  density.  (The  most  accurate  observations  fix  the  exact 
point  at  3.945*.) 

The  following  table  shows  the  change  of  volume  suffered  by 
water  on  being  heated  from  0°  to  8" : — 


I.OOOOOO 

volumes  at 

0°  becomes 

0.999915 

» 

+2°        „ 

a99987o 

>i 

4°        „ 

0.999900 

» 

6-        „ 

I.OOOOOO 

«« 

8° 

One  cubic  centimetre  of  water,  measured  at  its  point  of  maxi- 
mum density  and  at  760  mm.,  is  the  unit  of  weight  of  the  metrical 
system,  and  is  called  a  gramme. 

It  is  also  at  this  temperature  that  water  is  taken  as  the  unit 
for  comparison  of  the  densities  of  other  liquids  and  of  solids  ; 
thus,  when  it  is  stated  that  the  density  or  specific  gravity  of 
diamond  is  3.5,  it  is  meant  that  diamond  is  3.5  times  as  heavy 
as  an  equal  bulk  of  water  measured  at  its  point  of  maximum 
density. 

The  fact  that  water  has  a  point  of  maximum  density  remote  from 
its  freezing-point  is  one  of  &r-reaching  consequences  in  the  opera- 
tions of  nature. 

When  a  mass  of  water,  such  as  a  lake,  is  exposed  to  the  influence 
of  a  cold  wind,  the  superficial  layer  of  water  is  cooled,  and  thereby 
becoming  specifically  denser,  it  sinks  to  the  bottom  and  exposes  a 
fresh  surface.  This  in  its  turn  has  its  temperature  lowered,  and  in 
like  manner  falls  to  the  bottom.  A  circulation  of  the  water  in  this 
way  is  set  up  until  the  entire  mass  reaches  a  temperature  of  4". 
At  this  point  the  further  cooling  of  the  surface-layer  causes  expan- 
sion instead  of  contraction,  and  the  colder  water  becoming  speci- 
fically lighter  now  floats  upon  the  top,  where  it  remains  until  it 
congeals.  If  water  continued  to  contract  as  its  temperature  was 
reduced  below  4°,  the  circulatory  motion  would  continue  until  the 
whole  body  of  the  water  was  cooled  to  o*,  when  solidification  of  the 
entire  mass  would  take  place.    The  reason  that  certain  very  deep 
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waters  seldom  or  never  freeze  is  because  the  duration  of  the  cold 
is  not  long  enough  to  bring  the  temperature  of  the  entire  mass 
of  the  water  down  to  4*,  and  until  that  is  effected  no  ice  can  form 
upon  the  surface. 

The  Solvent  Power  of  Water.— Water  is  possessed  of  more 
general  solvent  powers  than  any  other  liquid  ;  that  is  to  say,  a  larger 
number  of  substances  are  dissolved  by  water  than  by  any  other 
liquid.  The  solvent  action  of  water  upon  gases,  liquids,  and  solids, 
in  so  far  as  it  is  shared  by  other  liquids,  has  been  dealt  with  under 
the  General  Properties  of  Liquids  (Part  I.,  chap.  xiii.). 

Water  of  Crystallisation.— When  solid  substances  are  dis- 
solved in  water,  and  the  water  afterwards  evaporated,  the  dissolved 
substance  is  frequently  deposited  in  definite  crystalline  shapes. 
Many  salts  owe  their  crystalline  nature  to  the  fact  that  a  certain 
number  of  molecules  of  water  have  solidified  along  with  molecules 
of  the  salt,  each  molecule  of  the  salt  being  associated  with  a  defi- 
nite number  of  molecules  of  solid  water.  The  water  molecules 
must  be  regarded  as  having  entered  into  a  feeble  chemical  union 
with  the  salt  molecule,  but  a  union  which  is  of  a  somewhat  diffe- 
rent order  from  that  which  holds  together  the  atoms  of  oxygen  and 
hydrogen  in  the  water  molecules,  or  the  atoms  composing  the  salt 
in  the  salt  molecule  (see  p.  66).  Thus  copper  sulphate  crystallises 
associated  with  five  molecules  of  water,  CuS04,6H20  ;  magnesium 
sulphate  with  seven,  MgS04,7H20.  Water  so  associated  with 
crystals  is  known  as  water  of  crystallisation^  and  the  compound 
is  called  a  hydrate. 

Many  salts  are  capable  of  crystallising  with  more  than  one  defi- 
nite number  of  molecules  of  water,  depending  upon  the  temperature 
at  which  the  crystallisation  takes  place  :  thus  sodium  carbonate, 
crystallised  at  the  ordinary  temperature,  has  the  composition 
NajCOgjlOHjO  ;  while  at  temperatures  between  30"  and  50°  the  salt 
that  is  deposited  contains  seven  molecules  of  water,  NajCOs^THgO. 
Sodium  chloride,  crystallised  from  solution  at  -  7°,  has  the  compo- 
sition, NaCl,2H20  ;  while  the  crystals  that  are  deposited  at  —23° 
contain  ten  molecules  of  water,  NaCljlOHgO. 

In  such  cases  as  these,  the  particular  crystalline  form  of  the  salt 
differs  with  the  different  degrees  of  hydration. 

Many  crystalline  salts,  when  exposed  to  the  air,  lose  either  some 
or  all  of  their  water  of  crystallisation,  and  in  so  doing  lose  their 
particular  geometric  form.  Thus  the  salt,  NajCOj^lOHjO  (ordinary 
washing  soda),  when  freely  exposed,  gradually  loses  its  crystalline 
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form  and  falls  down  to  a  soft  white  powder,  which  consists  of  small 
crystals  of  another  form,  having  the  composition  NajCOsjHjO. 
This  process  is  known  as  efflorescence^  the  crystals  being  said  to 
effloresce.  Other  crystals  undergo  exactly  the  reverse  change ;  they 
combine  with  moisture  from  the  air,  and  pass  into  other  crystalline 
forms  containing  more  water  of  crystallisation,  or  in  some  cases 
they  absorb  sufficient  moisture  to  cause  them  to  liquefy.  Such 
substances  are  said  to  deliquesce.  This  property  of  certain  salts  is 
made  use  of  for  withdrawing  traces  of  water  from  either  liquids  or 
gases.  Thus,  such  a  liquid  as  ether  may  be  freed  from  dissolved 
water  by  adding  to  it  copper  sulphate  containing  one  molecule  of 
water  of  crystallisation,  CuS04,H30 ;  this  compound  takes  up  water 
and  passes  into  CuS04,r)H20,  and  thereby  has  the  effect  of  drying 
the  ether.  Gases  in  the  same  way  are  frequently  dried  by  being 
passed  through  tubes  containing  calcium  chloride  from  which  the 
water  of  crystallisation  has  been  removed.  This  substance  absorbs 
water  with  avidity,  passing  into  the  hydrated  salt  CaCl2,6H20. 

The  characteristic  colours  of  certain  salts  are  in  many  cases 
dependent  upon  the  amount  of  water  of  crystallisation  they  contain. 
Thus  cobalt  chloride,  CoCls^BHsO,  is  a  pink  salt.  If  it  be  gently 
heated  to  120"  it  loses  its  water  and  becomes  CoCls,  which  has  a 
rich  blue  colour.  Solutions  of  this  salt  have  been  employed  for 
the  so-called  sympathetic  inks.  The  faint  colour  of  the  pink  salt 
renders  words  written  upon  paper  with  its  dilute  solution  prac- 
tically invisible  ;  but  on  warming  the  paper,  and  thereby  expelling 
the  water  from  the  salt,  the  written  characters  appear  in  a  blue 
colour,  which  again  disappears  as  the  salt  is  allowed  to  rehydrate 
itself  by  exposure  to  the  air. 

One  of  the  most  striking  examples  of  this  change  of  colour 
resulting  from  varying  proportions  of  water  of  crystallisation  is 
seen  in  the  salt  magnesium  platino-cyanide,  which  crystallises  under 
ordinary  circumstances  as  a  bright  scarlet  salt  with  seven  molecules 
of  water,  MgPt(CN)4,7H20.  When  this  salt  is  heated  to  about  50" 
it  loses  two  molecules  of  water,  and  is  converted  into  a  canary- 
yellow  salt,  MgPt(CN)4,6H20.  If  the  temperature  be  raised  to 
100°  the  yellow  salt  becomes  white  by  the  loss  of  three  more  mole- 
cules, the  composition  of  the  white  salt  being  MgPt(CN)4,2H20. 
When  a  solution  of  the  salt  is  carefully  evaporated  lo  dryness  in 
a  dish  and  gently  warmed,  these  colour  changes  will  be  rendered 
evident ;  and  upon  exposing  the  dried  and  white  residue  to  the  air, 
or  by  gently  breathing  into  the  dish,  the  salt  rehydrates  itself,  and 
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is  converted  into  the  crimson  compound  having  seven  molecules 
of  water. 

Many  salts  can  have  their  combined  water  withdrawn  by  power- 
ful dehydrating  agents  ;  thus,  if  a  crystal  of  copper  sulphate  ("blue 
vitriol,"  CuS04,5H20)  be  immersed  in  strong  sulphuric  acid,  the 
acid  abstracts  four  out  of  the  five  molecules  from  the  salt,  leaving 
the  nearly  white  salt  CuS04,H20  ;  or  when  alcohol  is  added  to  a 
solution  of  cobalt  chloride,  or  to  crystals  of  the  salt,  CoCl2,6HjO, 
the  alcohol  abstracts  water,  and  the  solution  becomes  blue. 

When  salts  containing  water  of  crystallisation  are  heated,  it 
frequently  happens  that  a  portion  of  the  water  is  more  easily  parted 
with  than  the  remainder.  Thus  copper  sulphate,  CuS04,6H20, 
when  heated  to  100%  parts  with  four  molecules  of  water,  leaving  the 
salt  CuS04,H20  ;  and  in  order  to  drive  off  this  one  remaining  mole- 
cule, the  temperature  must  be  raised  above  200*.  Zinc  sulphate 
(or  white  vitriol),  ZnS04,7H20,  in  like  manner  loses  six  molecules  of 
water  at  100",  but  retains  the  seventh  until  a  temperature  of  240"  is 
reached.  In  order,  therefore,  to  distinguish  between  the  water  that 
is  more  firmly  held  and  that  which  is  readily  parted  with,  the  term 
water  of  constitution  is  frequently  applied  to  the  former,  and  the 
fact  is  sometimes  expressed  in  notation  in  the  following  manner: — 

CuS04H20,4H,0 ;  ZnS04H20,6H20. 

Natural  Waters, — On  account  of  the  great  solvent  powers  of 
water^  this  compound  is  never  found  upon  the  earth  in  a  state  of 
absolute  purity  ;  even  rain,  as  it  falls  in  regions  far  removed  from 
the  dirty  atmosphere  of  towns,  not  only  dissolves  the  gases  of  the 
atmosphere,  but  also  small  quantities  of  those  suspended  matters 
which  are  always  present  in  the  air.  As  soon  as  the  rain  reaches 
the  earth,  the  water  at  once  exerts  its  solvent  action  upon  the 
mineral  matter  constituting  the  portion  of  the  earth's  crust  over 
which  it  flows,  and  through  which  it  percolates,  and  the  liquid  is 
rapidly  rendered  less  and  less  pure  as  it  travels  on  its  course  to 
lake  or  ocean. 

Natural  waters  may  be  broadly  divided  into  two  classes,  based 
upon  the  amount  of  dissolved  impurities  they  contain.  If  the  sub- 
stances in  solution  are  present  in  excessive  quantities,  or  to  such  an 
extent  as  to  be  perceptible  to  the  taste,  the  water  is  said  to  be  a 
mineral  water;  while,  on  the  other  hand,  waters  that  are  not  so 
rich  in  dissolved  impurities  are  known  2^  fresh  waters. 
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Mineral  Waters. — The  most  exaggerated  examples  of  mineral 
waters  are  to  be  found  in  sea-water  and  in  the  waters  of  certain 
lakes,  which,  having  no  outlet,  are  fulfilling  the  purpose  of  enormous 
evaporating  basins,  in  which  the  waters  that  flow  into  them  are 
undergoing  evaporation  and  therefore  concentration  ;  such,  for 
example,  as  the  salt  lakes  of  Egypt,  the  Elton  lake  in  Russia,  and 
the  Dead  Sea.  In  waters  of  this  description  the  total  quantity  of 
dissolved  solid  matter  is  very  considerable,  and,  as  in  the  case  of 
the  Dead  Sea,  is  often  deposited  in  crystalline  masses  round  the 
shores  of  the  lake.  The  following  table  gives  the  total  amount  of 
dissolved  saline  matter  contained  in  1000  grammes  of  certain  of 
t^ese  waters  : — 

Irish  Sea 33-86 

Mediterranean  Sea  4ao 

Dead  Sea 228.57 

Elton  Lake 271.43 

As  a  typical  example  of  a  sea  water,  the  composition  of  the 
water  of  the  English  Channel  may  be  quoted  ;  1000  grammes  of 
this  water  contain — 


Sodium  chloride 
Magnesium  chloride 
Magnesium  sulphate 
Calcium  sulphate  . 
Potassium  chloride  . 
Calcium  carbonate  . 
Magnesium  bromide 


Water 


27.059 
3.666 
2.296 
1.406 
0.766 
ao33 
0.029 


35.255 
964.745 


1000.000 


Passing  from  these  highly  concentrated  mineral  waters,  we  And 
a  large  number  of  spring  waters  which  are  classed  as  mineral^  not 
because  the  total  quantity  of  foreign  matter  in  solution  is  excessive, 
but  rather  because  they  contain  an  abnormally  large  proportion  of 
a  few  special  substances.  Thus,  large  quantities  of  magnesium 
sulphate  and  chloride  are  found  in  such  springs  as  those  at 
Epsom  and  Friedrichshall.  Others  are  found  to  contain  consider- 
able quantities  of  sodium  sulphate  and  sodium  carbonate  ;  while 
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those  known  as  chalybeate  waters  contain  ferrous  carbonate  in 
solution.  Spring  waters  that  are  charged  with  unusual  quantities  of 
soluble  gases  are  likewise  placed  in  the  category  of  mineral  waters, 
such  as  the  waters  of  Apollinaris  and  Seltzer,  containing  large 
quantities  of  carbon  dioxide  ;  and  the  sulphur  springs  at  Harrogate 
and  Aachen,  which  hold  in  solution  sulphuretted  hydrogen  as  well 
as  alkaline  sulphides. 

Fresh  Waters. — The  purest  form  of  natural  water  is  rain-water. 
The  average  weight  of  solid  matter  dissolved  in  rain-water,  col- 
lected in  the  country  and  in  perfectly  clean  vessels  upon  which  it 
exerts  no  solvent  action,  is  found  to  be  0.0295  P^^  ^^  ^^^^^  parts 
of  water.  Collected  in  or  near  towns,  rain-water  always  contains 
a  larger  amount  of  dissolved  impurities,  such  as  nitrates,  sulphates, 
ammoniacal  salts,  and  often  considerable  quantities  of  sulphuric 
acid  :  it  is  the  acid  nature  of  the  rain  that  causes  so  much  damage 
to  stone  buildings. 

The  nature  and  extent  of  the  contamination  that  rain-water 
suffers  after  it  has  fallen  must  obviously  depend  very  largely  upon 
geographical  and  geological  circumstances,  and  therefore  there  are 
no  special  features  that  are  distinctly  characteristic  of  waters  from 
rivers,  lakes,  or  springs. 

Thus,  the  total  solid  impurity  in  1000  parts  of  water  from  the 
river  Dee  at  Aberdeen  is  0.057,  while  that  contained  in  the 
Thames  is  0.30  parts. 

The  water  of  Loch  Katrine  only  contains  0.032  part  of  solid 
matter  dissolved  in  1000  parts,  while  that  of  Elton  lake  contains 
as  much  as  271.43. 

The  same  wide  differences  are  also  seen  in  spring  waters  from 
different  geological  strata.  Spring  waters  from  granite  and  gneiss 
rocks  contain  on  an  average  0.059  part  of  dissolved  solid  matter 
in  1000  parts,  while  those  from  magnesian  limestone  average  as 
much  as  0.665  part.  As  a  broad  general  rule,  river  waters  are 
found  to  contain  less  solid  matter  in  solution  than  spring  waters, 
and  these  in  their  turn  less  than  deep  well  waters.  Thus,  com- 
paring waters  from  different  sources,  and  selecting  only  such 
samples  as  are  known  to  be  free  from  'pollution  from  either  sewage 
matter  or  other  abnormal  impurities,  it  will  be  seen  that,  with 
regard  to  the  dissolved  solid  matter  they  contain,  they  fall  in  the 
following  order  : — 
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Total  Solid  Impurity  Dissolved  in  looo  Parts  oj 

Unpolluted  Waters, 

Rain-water  (average  of  39  samples)         .  .  .0295 

Rivers  and  lakes  (average  of  195  samples)  .  .0967 

Spring  waters  (average  of  198  samples)  .  .  .2820 

Deep  well  waters  (average  of  157  samples)  .  .4378 

.Hardness  of  Water.— Certain  of  the  salts  that  are  very  fre- 
quently present  as  impurities  in  natural  waters  give  to  these 
waters  the  property  that  is  known  as  hardness.  The  chief  com- 
pounds that  produce  this  effect  are  the  salts  of  lime  and  magnesia. 
The  term  hardness  is  applied  to  such  waters  on  account  of  the 
difficulty  of  obtaining  a  lather,  with  soap,  in  the  ordinary  process 
of  washing.  Pure  soap  may  be  regarded  as  a  mixture  of  the 
sodium  salts  of  certain  fatty  acids  (oleic,  stearic,  palmitic,  &c.), 
which  are  soluble  in  pure  water.  In  the  presence  of  salts  of  lime 
and  magnesium  the  soap  is  decomposed,  and  an  insoluble  curdy 
precipitate  is  formed  by  the  union  of  the  fatty  acid  of  the  soap 
with  the  lime  and  magnesium  of  the  salts.  Until  the  whole  of  the 
hardening  salts  have  in  this  way  been  thrown  out  of  solution,  no 
lather  can  be  obtained,  and  the  soap  is  useless  as  a  cleansing  agent ; 
but  as  soon  as  this  point  is  reached,  the  addition  of  any  further 
quantity  of  soap  at  once  raises  a  lather  on  the  water,  and  the  soap 
is  capable  of  acting  as  a  detergent.  This  process  of  precipitating 
the  salts  of  lime  and  magnesium  is  known  as  softenings  and  in  this 
instance  the  water  is  softened  at  the  expense  of  the  soap. 

Hard  waters  often  become  less  hard  after  being  boiled  for  a 
short  time,  and  this  hardness  which  is  so  removed  is  termed  the 
temporary  hardness.  The  degree  of  hardness  which  the  water  still 
possesses  after  prolonged  boiling  is  distinguished  by  the  term 
permanent  hardness.  The  diminution  of- the  total  hardness  of  a 
water  by  boiling  is  due  to  the  &ct  that  the  soluble  acid  carbonates 
of  lime  and  magnesium  are  decomposed  during  this  process  into 
water,  carbon  dioxide  (which  escapes  as  gas),  and  the  practically 
insoluble  normal  carbonates  of  these  metals  \  thus,  in  the  case  of 
the  lime  salt — 

CaHj(C03),=  HjO  +  CO2  +  CaCOj. 

When  such  a  water  is  boiled,  the  calcium  carbonate  is  thrown 
down  as  a  white  precipitate,  which  gradually  collects  upon  the 
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Id  the  case  nf  naiers  that  are  highly  charjjed  with  calcium  car- 
bonate, held  in  solution  by  dissolved  carbonic  acid,  this  deposition 
of  calcium  carbonate  may  even  take  place  at  the  ordinary  tempe- 
rature, owing  to  (he  diffusion  of  (he  dissolved  carbon  dioxide  into 
the  air.  !(  is  in  (his  way  that  those  remarkable,  and  often  beauti- 
fully fantastic  formatio.ts,  known  as  slalaetiles,  have  been  produced 
in  certain  subterranean  caves.  Water  charged  with  the  soluble 
calcium  carbonate,  in  slowly  dropping  from  the  roof  of  such  a  cave, 
loses  a  portion  ofits  dissolved  carbon  dioxide,  and,  in  consequence, 
deposits  a  certain  amount  of  the  calcium  carbonate  which  was  in 
solution.  Each  drop,  as  it  slowly  forms,  adds  its  little  share  of 
calcium  carbonate  to  the  deposit,  which  thereby  gradually  grows, 
much  as  an  icicle  grows,  as  a  dependent  mass  called  a  stalactite. 
Whether  the  water  that  drops  from  the  stalactite  has  deposited 
(he  whole  of  its  calcium  carbonate,  will  depend  largely  upon  the 
time  occupied  by  each  drop  in  gathering  and  dropping  ;  if,  as  often 
happens,  the  whole  has  not  been  precipitated,  the  remainder  is 
deposited  upon  the  floor  of  the  cave,  and  a  growing  column  of 
calcium  carbonate,  called  a  stalagmite,  gradually  rises  from  the 
ground  until  it  ultimately  meets  the  stalactite. 

Clark's  Process  for  Softening  Water.— Waters  whose  hard- 
ness is  due  to  the  presence  of  the  carbonates  of  lime  and  magne- 
sium can  be  deprived  of  their  hardness  by  the  addition  to  them  of 
lime.  The  amount  of  hardness  is  first  estimated,  and  such  an 
amount  of  milk  of  lime  is  then  added  as  is  demanded  by  the  follow- 
ing equation  : — 

CaH  jCCOj).,  +  CaO  =  H,0  -f-  aCaCO^. 

In  this  way  the  soluble  lime  salt  is  converted  into  the  insoluble 
normal  carbonate,  which  settles  to  the  bottom  of  the  tank. 

The  salts,  which  are  mainly  instrumental  in  causing  the  per- 
manent hardness,  arc  the  sulphates  of  lime  and  magnesium.  The 
degree  of  hardness  and  its  particular  order,  that  is,  whether  tempo- 
rary or  permanent,  will  obviously  be  determined  entirely  by  the 
particular  geological  Ibrniation  from  which  the  water  is  derived. 

Potable  Waters.— Undoubtedly  the  most  important  use  to 
which  water  is  put  is  its  employment  as  an  article  of  food  to  man. 
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and  since  it  has  been  proved  beyond  dispute  that  many  virulent 
diseases,  such  as  cholera,  typhoid  fever,  and  others,  are  propagated 
through  the  medium  of  drinking-water,  it  becomes  a  matter  of  the 
greatest  sanitary  importance  that  the  waters  supplied  for  this  pur- 
pose should  be  as  pure  as  possible.  Excepting  in  very  rare  in- 
stances, where  poisonous  mineral  matters  accidentally  gain  access 
10  drinking-water  (as,  for  example,  in  the  case  of  certain  waters 
which  are  capable  of  attacking,  and  to  a  slight  extent  dissolving, 
the  lead  of  the  pipes  through  which  they  may  be  passed),  the  solid 
matters  that  are  usually  found  in  waters  are  not  injurious  to  health. 
The  living  germs  or  bacilli,  through  whose  agency  zymotic  diseases 
are  caused,  cannot  be  detected  in  a  sample  of  water  by  any  direct 
chemical  analysis.  A  specimen  of  pure  distilled  water  might 
be  artificially  contaminated  with  such  organisms  so  as  to  con- 
stitute it  a  most  virulent  poison,  and  still  chemical  analysis 
would  fail  to  detect  the  danger,  and  the  water  would  be  pronounced 
pure.  Chemical  analysis  can,  however,  reveal  the  presence  of 
excrementitious  matter,  and  also  of  the  characteristic  products  re- 
sulting from  its  decomposition :  it  can  with  certainty  detect  in  the 
water  the  evidence  ef  recent  contamination  with  sewage  matters, 
and  it  can  also,  with  considerable  precision,  trace  the  evidences 
of  its  having  been  so  contaminated  at  an  earlier  stage  of  its  history. 
It  cannot,  however,  distinguish  between  pollution  with  healthy  and 
with  infected  excreta,  and  therefore  it  is  necessary  to  regard  with 
the  greatest  suspicion  any  water  to  which  sewage  has  at  any  time 
gained  access.  Waters  that  are  made  use  of  for  drinking  purposes 
may  be  classified  in  the  following  order  : — 


Safe      .     . 

Suspicious 
Dangerous 


1.  Spring  water. 

2.  Deep  well  water. 

3.  Mountain  rivers  and  lakes. 

<  4.  Stored  rain-water. 

(  5.  Surface  water  from  cultivated  land. 

<  6.  River  water  to  which  sewage  gains  access. 

<  7.  Shallow  well  water. 


HTDBOGEN  PEBOZIDE. 

Formula,  H^<|. 

Occurrence. — This  compound  is  occasionally  found  in  smalt 
quantities  in  the  atmosphere,  and  also  in  dew  and  rain. 
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Modes  of  FormatlOlL— (i.)  Hydrogen  peroxide  is  produced  in 
small  quantities  during  the  burning  of  hydrogen  in  the  air.  If  a 
jet  of  burning  hydrogen  be  caused  to  impinge  upon  the  surface  of 
water,  the  temperature  of  which  is  not  allowed  to  rise  above  20*, 
the  water  will  be  found,  after  a  short  time,  to  contain  hydrogen 
peroxide.* 

(2.)  This  compound  is  also  produced  by  the  decomposition  of 
barium  peroxide  by  carbonic  acid.  For  this  purpose  a  stream  of 
carbon  dioxide  is  passed  through  ice-cold  water,  into  which  from 
time  to  time  small  quantities  of  barium  peroxide  are  stirred. 
Barium  carbonate  is  precipitated,  and  a  dilute  aqueous  solution  of 
hydrogen  peroxide  is  obtained — 

BaO,  +  HjjC03=  BaCOj  +  HjOj. 

(3.)  Barium  peroxide  may  be  decomposed  by  either  hydrochloric, 
sulphuric,  silicofluoric,  or  phosphoric  acid.  Whichever  acid  be 
employed,  the  barium  peroxide,  previously'  mixed  with  a  small 
quantity  of  water,  is  added  gradually  to  the  acid  ;  which,  in  the  case 
of  either  hydrochloric  or  sulphuric  acid,  should  be  diluted  with  from 
five  to  ten  times  its  volume  of  water.  The  temperature  of  the 
mixture  is  not  allowed  to  rise  above  20^  Thus,  in  the  case  of 
hydrochloric  acid — 

BaOa  +  2HCl  =  BaCI.^  +  H20.2, 

the  soluble  barium  chloride  is  removed  by  the  addition  of  sulphuric 
acid,  whereby  barium  sulphate  is  precipitated  and  hydrochloric 
acid  formed— 

BaCl2  +  H2S04= BaS04  +  2HC1. 

The  hydrochloric  acid  may  be  removed  by  adding  a  solution  of 
silver  sulphate,  which  precipitates  silver  chloride,  leaving  sulphuric 
acid  in  solution — 

2HC1  +  Ag2S04=2AgCl  +  H2SO4. 

And,  lastly,  the  free  sulphuric  acid  is  withdrawn  by  the  addition  of 
barium  carbonate — 

H2SO4  +  BaCOa  =  BaS04  +  HgO  +  COg. 

When  sulphuric  acid  is  employed  for  the  decomposition  of  barium 
peroxide,  the  crystallised,  or  hydrated  peroxide  (Ba02,8H20),  is 

♦  .S«»  •'Chemical  Lecture  Experiments,"  new  ed.,  p.  74. 
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most  advantageous  for  the  purpose.  This  salt,  made  into  a  pasle 
with  water,  is  gradually  added  to  the  diluted  and  cooled  acid,  until 
the  acid  is  nearly  but  not  quite  neutralised.  The  slight  excess  of 
acid  is  removed  by  the  addition  of  the  exact  quantity  of  barium 
hydroxide  (baryta- water)  necessary  to  neutralise  it,  and  the  insoluble 
barium  sulphate  is  removed  by  filtration.  On  a  large  scale  silico- 
fluoric  acid  or  phosphoric  acid  is  usually  employed,  preferably  the 
latter,  as  it  is  found  that  small  quantities  of  free  phosphoric  acid 
in  hydrogen  peroxide  greatly  retard  its  decomposition. 

(4.)  Hydrogen  peroxide  is  also  readily  obtained  by  decomposing 
potassium  peroxide  by  means  of  tartaric  acid.  The  potassium 
peroxide  is  added  to  a  cooled  strong  aqueous  solution  of  tartaric 
acid,  when  potassium  tartrate  separates  out,  and  an  aqueous  solu- 
tion of  hydrogen  peroxide  is  obtained. 

(5.)  When  small  quantities  of  hydrogen  peroxide  are  required 
for  the  purpose  of  illustrating  its  properties,  it  is  most  conveniently 
obtained  by  adding  sodium  peroxide  to  dilute  and  well-cooled 
hydrochloric  acid,  whereby  sodium  chloride  and  hydrogen  per- 
oxide are  formed,  both  of  which  remain  in  solution— 

NajOj+2HCl=2NaCl +  H20a. 

(6.)  Hydrogen  peroxide  is  formed  in  considerable  quantity  when 
ozone  is  .passed  through  ether  floating  upon  water.  Probably  a 
peroxidised  compound  of  ether  is  first  produced,  which  is  then 
decomposed  by  the  water.  This  production  of  hydrogen  peroxide 
may  readily  be  demonstrated  by  placing  a  small  quantity*  of  water 
and  ether  in  a  beaker,  and  suspending  into  the  vapour  a  spiral  of 
platinum  wire  which  has  been  gently  heated.  The  combustion  of 
the  ether  vapour  upon  the  wire,  whereby  the  latter  is  maintained 
at  a  red  heat,  is  attended  with  the  formation  of  ozone,  and  this 
acting  upon  the  ether,  as  already  described,  results  in  the  pro- 
duction of  hydrogen  peroxide,  which  may  be  detected  in  solution 
in  the  water. 

(7.)  In  small  quantities,  hydrogen  peroxide  is  produced  when 
moist  ether  is  exposed  to  the  action  of  oxygen,  under  the  prolonged 
influence  of  sunlight. 

Properties.— The  dilute  aqueous  solution  of  hydrogen  peroxide, 
obtained  by  the  foregoing  methods,  is  concentrated  by  evaporation 
over  sulphuric  acid  in  vacuo.  In  the  pure  condition  it  is  a  colour- 
less and  odourless,  syrupy  liquid,  having  an  extremely  bitter  and 
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metallic  tasic.  The  spt-cific  graviiy  of  i!ie  liquid  is  1.4531.  The 
substance  is  exireiTiely  unstable,  giving  up  some  of  its  oxygen  even 
at  temperatures  as  low  as  -  iq',  and  decomposing  wiih  explosive 
violence  when  healed  to  100°.  Hydrogen  peroxide  bleaches 
organic  colours,  but  less  rapidly  than  chlorine.  When  placed 
upon  the  skin  it  destroys  the  colour,  and  gives  rise  to  an  irrilaling 
blister.  When  diluted  with  water,  and  especially  if  rendered  acid, 
the  compound  is  far  more  stable,  and  in  this  condition  may  be 
preserved  at  the  ordinary  temperature  for  a  considerable  length  of 
lime.  Wlien  such  an  aqueous  solution  is  strongly  cooled,  it  deposits 
ice,  and  in  this  way,  by  the  removal  of  the  frozen  water,  the  solu- 
tion may  be  concentrated  ;  hydrogen  peroxide  itself  remains  liquid 
at  -30°.  When  heated  the  solution  is  decomposed  into  water 
and  oxygen— 

H,0,=  H,0+0. 

Owing  to  the  readiness  with  which  hydrogen  peroxide  gives  up 
the  half  of  its  oxygen  and  is  converted  into  water,  its  properties 
are  geneially  those  of  a  powerful  oxidising  agent.  It  liberates 
iodine  from  potassium  iodide  j  it  converts  sulphurous  acid  into 
sulphuric  acid,  and  oxidises  lead  sulphide  into  lead  sulphate.  Us 
action  upon  lead  sulphide  is  made  use  of  in  restoring  something 
of  the  original  brilliancy  to  oil  paintings  that  have  become  dis- 
coloured. The  "  white-lead  "  used  in  oil  paints  is  gradually  con- 
verted into  lead  sulphide  when  such  paintings  are  exposed  to  air, 
especially  the  air  of  towns,  which  is  liable  to  contain  small 
quantities  of  sulphuretted  hydrogen.  Lead  sulphide  being  black, 
the  picture  slowly  assumes  a  uniformly  dark  colour,  until  it  is 
finally  quite  black.  When  such  a  discoloured  picture  is  washed 
over  with  dilute  hydrogen  peroxide,  the  black  sulphide  is  oxidised 
into  the  white  lead  sulphate — 

PbS-^4HJO,=4H,0-^-PbSO,. 

This  compound  is  employed  for  bleaching  articles  that  would 
suffer  injury  by  the  use  of  other  bleaching  agents,  such  as  ivory, 
feathers,  and  even  the  teeth. 

Hydrogen  peroxide  is  also  capable  of  oxidising  hydrogen  when 
that  element  in  the  nascent  condition  is  brought  in  contact  with 
this  compound.  Thus,  if  a  dilute  acidulated  solution  of  hydrogen 
sxide  be  subjected  lo  electrolysis,  oxygen  will  be  evolved 
n  the  positive  electrode,  but  no  gas  will  be  disengaged   at  the 
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negative  pole.     The  hydrogen,  in  the  presence  of  the  hydrogen 
peroxide,  is  oxidised  into  water — 

HjO,+2H  =  2H20. 

Hydrogen  peroxide,  in  many  of  its  reactions,  appears  to  act  as  a 
deoxidising  agent ;  thus,  manganese  dioxide  in  contact  with  this 
substance  is  reduced  to  manganous  oxide — 

MnOj,+ H20jj=  MnO  +  03,+ HjO. 

Similarly,  silver  oxide  is  reduced  to  metallic  silver  with  the 
evolution  of  oxygen — 

AgaO  +  HjOj, = Ag2  +  Oj,  +  H2O. 

In  like  manner,  when  ozone  is  acted  upon  by  hydrogen  per- 
oxide, a  reaction  takes  place  exactly  analogous  to  that  with  silver 
oxide,  which  will  be  the  more  obvious  if  the  formula  for  ozone  be 
written  O^O  instead  of  O3,  thus — 

Oj,0  +  H  jjOg= Oj  +  Oj  +  H  jO. 

Although,  in  a  sense,  these  reactions  may  be  regarded  as  reduc- 
ini^^  or  deoxidising^  actions,  in  essence  they  are  not  different  from 
those  which  have  been  given  as  illustrative  of  the  oxidising  |>ower 
of  hydrogen  peroxide.  It  will  be  seen  that  they  all  depend  upon 
the  readiness  with  which  the  compound  parts  with  an  atom  of 
oxygen,  but  that  in  these  latter  cases  the  oxygen  that  is  so  given 
up  is  engaged  in  oxidising  another  atom  of  oxygen^  contained  in  the 
other  compound.  Thus,  in  the  case  of  silver  oxide,  its  atom  of 
oxygen  is  oxidised  by  the  liberated  oxygen  from  the  hydrogen 
peroxide,  and  converted  into  the  complete  molecule  of  oxygen. 
By  these  reactions  Brodie  first  demonstrated  the  dual,  or  di- 
atomic, character  of  the  molecule  of  oxygen. 

When  hydrogen  peroxide  is  added  to  a  dilute  acidulated  solution 
of  potassium  dichromate,  a  deep  azure-blue  solution  is  obtained 
(see  Chromium),  which  affords  a  delicate  test  for  this  com- 
pound. To  apply  the  test,  the  dilute  hydrogen  peroxide  is  shaken 
up  with  ether,  and  being  soluble  in  this  liquid,  the  ethereal  layer 
which  rises  to  the  surface  will  contain  nearly  the  whole  of  the 
peroxide  ;  a  few  drops  of  acidulated  potassium  dichromate  are 
then  added,  and  the  mixture  again  shaken,  when  the  ethereal 
liquid  will  separate  as  a  blue  layer.     In  this  way,  the  presence  of 
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0.00025  grammes  of  hydrogen  peroxide  in  20  c.c.  of  water  can 
be  detected. 

Hydrogen  peroxide  is  decomposed  by  contact  with  many  sub- 
stances which  themselves  do  not  combine  with  the  oxygen  ;  thus 
charcoal,  finely  divided  palladium,  platinum,  mercury,  and  notably 
silver,  when  brought  into  hydrogen  peroxide,  determine  its  decom- 
position into  water  and  oxygen,  the  rapidity  of  the  -action  being 
increased  if  the  liquid  be  made  alkaline.  The  action  is  doubtless 
catalytic,  although  in  all  cases  the  exact  modus  operandi  is  not 
clearly  understood.  In  the  case  of  silver  it  is  believed  that  silver 
oxide  (perhaps  peroxide)  is  first  formed,  and  then  decomposed, 
thus — 

Ag,  +  H20,=  H,0  +  AgjO 
AgjO  +  H20j=  HjO  +  Oj  +  Agj. 

When  hydrogen  peroxide  is  added  to  solutions  of  the  hydroxides 
of  barium,  strontium,  or  calcium,  the  peroxide  of  the  metal  is 
precipitated — 

Ba(HO)j  +  H202=2H20  4-  BaOs- 

The  compound  is  deposited  in  crystals  having  the  composition 
BaO^SHjO. 

With  the  hydroxides  of  the  alkali  metals,  the  peroxide  (which  is 
soluble  in  water)  may  be  precipitated  by  the  addition  of  alcohol ; 
when  in  the  case  of  sodium  peroxide,  crystals  are  obtained  of 
Na^OjjSHjO. 

Hydrogen  peroxide  is  a  useful  antiseptic  ;  it  possesses  the  ad- 
vantages of  being  free  from  smell,  without  poisonous  or  injurious 
action  upon  the  system,  and  of  leaving  as  a  residife,  after  having 
furnished  its  available  oxygen,  only  water. 


CHAPTER    IV 
NITROGEN 

Symbol.  N.     Atomic  weight  =  14.04.     Molecular  weight  =  a8.o8. 

History. — Nitrogen  was  discovered  by  Rutherford  in  1772.  He 
showed  that  when  an  animal  is  placed  in  a  confined  volume  of  air 
for  some  time,  and  the  air  afterwards  treated  with  caustic  potash, 
to  absorb  from  it  the  carbon  dioxide  ("  fixed  air  ")>  there  still 
remained  a  gas  which  was  incapable  of  supporting  either  respira- 
tion or  combustion.  He  called  the  gas  mephitic  air,  Scheele  was 
the  first  to  recognise  that  this  gas  was  a  constituent  of  the  air. 
Lavoisier  applied  the  name  asote  to  the  gas,  to  denote  its  inability 
to  support  life.  The  name  nitrogen^  signifying  the  nitre-producer, 
was  suggested  by  Chaptal,  from  the  fact  that  the  gas  was  a  con- 
stituent of  nitre. 

Occurrence. — In  the  free  state  nitrogen  is  present  in  the  atmos- 
phere, of  which  it  forms  about  four-fifths.  Certain  nebulae  have 
been  shown  by  spectroscopic  observation  to  contain  nitrogen  in 
the  uncombined  condition.  In  combination,  nitrogen  is  found  in 
ammonia,  in  nitre  (potassium  nitrate),  and  in  a  great  number  of 
animal  and  vegetable  compounds. 

Modes  of  Formation.— ( I.)  Nitrogen  is  very  readily  obtained 
from  the  atmosphere  by  the  abstraction  of  the  oxygen  with  which 
it  is  there  mixed.*  This  is  conveniently  done  by  burning  a  piece 
of  phosphorus  in  air,  confined  over  water.  The  phosphorus  in 
burning  combines  with  the  oxygen,  forming  dense  white  fumes  of 
phosphorus  pcntoxide,  which  gradually  dissolve  in  the  water,  and 
nitrogen  remains  in  the  vessel.  The  nitrogen  obtained  in  this  way 
is  never  quite  pure,  for  the  phosphorus  becomes  extinguished 
before  the  oxygen  is  entirely  removed  ;  and  also  the  gas  will 
contain  atmospheric  carbon  dioxide. 

(2.)  Nitrogen  in  a  purer  state  can  be  prepared  from  the  atmos- 

*  Experiments  254,  255,  "Chemical  Lcciure  Experiments^"  newecL 
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phere  by  passing  a  stream  of  pure  air  over  metallic  copper  con- 
tained in  a  combustion  tube,  and  heated  to  redness  in  a  furnace. 
The  air  is  contained  in  a  gas-holder,  and  is  passed  through  two 
U -tubes,  the  first  containing  potassium  hydroxide  (caustic  potash), 
in  order  to  absorb  the  carbon  dioxide  ;  and  the  second  filled  with 
fragments  of  pumice  moistened  with  sulphuric  acid,  in  order  to 
arrest  the  aqueous  vapoiur.  The  purified  air,  on  passing  over  the 
heated  copper,  is  deprived  of  the  whole  of  its  oxygen,  cupric  oxide, 
CuO,  being  formed,  while  the  nitrogen  passes  on  and  may  be 
collected.    This  gas  contains  small  quantities  of  argon  (p.  256). 

(3.)  Oxygen  is  rapidly  absorbed  by  a  solution  of  cuprous  chloride 
in  hydrochloric  acid  ;  a  ready  method,  therefore,  of  obtaining 
nitrogen  from  the  air  is  to  place  a  quantity  of  this  solution  in  a 
stoppered  bottle,  and  shake  it  up  with  the  contained  air.  The 
colourless  cuprous  chloride  solution  quickly  absorbs  the  oxygen, 
becoming  dark  in  colour,  and  being  converted  into  cupric  chloride, 
the  nitrogen  of  the  air  remaining  in  the  bottle — 

CuaCl2+ 2HC1  +  O  =  H  jO  +  2CuC  V 

(4.)  Nitrogen  is  obtained  by  heating  a  strong  solution  of  anmio- 
nium  nitrite  in  a  flask,  the  salt  splitting  up  into  water  and  nitrogen — 

NH4NOj  =  2H20  +  Nj. 

In  practice  it  is  found  more  convenient  to  employ  a  mixture  of 
anmionium  chloride  and  sodium  nitrite — 

NH4CI  +  NaN02=NaCl  +  2H.O-|-N55. 

(5.)  By  heating  a  mixture  of  ammonium  nitrate  and  ammonium 
chloride,  a  mixture  of  nitrogen  and  chlorine  is  evolved  ;  the  latter 
gas  may  be  absorbed,  by  passing  the  mixture  through  either  milk 
of  lime  or  a  solution  of  sodium  hydroxide — 

2NH4N03+NH4CI  =  5N  +  CI  +  6H.p. 

(6.)  Nitrogen  is  also  evolved  when  ammonium  chromate,  or  a 
mixture  of  potassium  dichromate  and  ammonium  chloride,  is 
heated — 

(N  H4)jCr207  =  CrjOa  +  4H2O  +  N2, 

or— 

K3Cr207  +  2NH4a=Crp^+2KCl+4H20  +  N2. 
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(7.)  Wfien  ammonia  is  acted  upon  by  chlorine  it  is  decomposed, 
the  chlorine  combining-  with  the  hydrogen  to  fonn  hydrochloric 
acid,  and  the  nitrogen  being  liberated— 

2NH,+3C1,-6HC1+N^ 

If  the  chlorine  be  passed  into  a  strong  solution  of  ammonia,  the 
hydrochloric  acid  which  is  produced  combines  with  the  excess  of 
ammonia,  fonning  ammonium  chloride  ;  thus — 

8N  H, + 3C1,  -  6N  H^Cl  4-  N, 

The  chlorine,  after  being  washed  by  passing  through  water,  is 
bubbled  through  strong  aqueous  ammonia  contained  in  a  Woulfs 
bottle.     As  each  bubble  of  chlorine  enters  into  the  ammonia,  the 


combination  is  attended  by  a  feeble  yellowish  flash  nf  light,  and  a 
rapid  stream  of  nitrogen  is  evolved.  The  nitrogen,  which  carries 
with  it  dense  white  fumes  of  ammonium  chloride,  should  be  scrubbed 
by  being  passed  through  a  second  bottle  filled  with  fragments  of 
broken  glass  moistened  with  water,  and  it  can  then  be  collected 
over  water  in  the  ordinary  way,  as  shown  in  Fig.  47.*  In  prepar- 
ing nitrogen  by  this  reaction  it  is  very  necessary  that  the  ammonia 
should  be  in  considerable  excess,  otherwise  there  Is  liable  to  be 
formed  the  dangerously  explosive  compound  of  nitrogen  and  chlo- 
rine (see  Nitrogen  Trichloride). 

*  Kxperiineni  i6i. 


2$3 


Inorganic  Chemistry 


^ 


PropeFtles. — Nitrogen  is  a  colourless  gas  without  taste  or 
smelL  It  is  slightly  lighter  than  air,  its  specific  gravity  being 
a973  (air  =  i).  One  litre  of  the  gas  at  o°  C.  and  760  mm.  weighs 
14  criths,  or  1.256  grammes. 

Nitrogen  is  only  very  slightly  soluble  in  water,  its  coefficient  of 
absorption  at  o"  C.  being  0,020346. 

Nitrogen  will  not  bum,  neither  will  it  support  the  combustion  of 
ordinary   combustibles.     It   is   not 
poisonous,  but  is  incapable  of  sup- 
porting respiration. 
J  Ml  m  ttM  — ""HI  Nitrogen    is    an  extremely  inert 

F  \  substance,  combining  directly,  and 

:  \  with  difficulty,  with  only  a  very  few 

I  elements.  Under  the  influence  of 
the  high  temperature  of  the  electric 
"^  spark  it  can  be  made  to  unite  directly 
with  oxygen  (see  p.  135).  Certain 
metals  also  combine  directly  with  it, 
forming  nitrides.  Thus,  when  lilhium 
or  magnesium  are  heated  in  nitrogen, 
they  form  respectively  NLij  and 
NjMgj.  This  reaction  may  be  con- 
veniently shown  by  means  of  the 
apparatus  seen  in  Fig.  48.  A  small 
quantity  of  powdered  magnesium  is 
placed  in  a  hard  glass  tube,  which 
is  connected  to  a  long  narrow  tube 
dipping  into  water,  and  a  stream  of 
nitrogen  is  passed  through.  When " 
the  air  is  all  displaced  the  passage  of 
the  nitrt^^n  is  stopped  and  the  magnesium  strongly  heated.  At  a 
red  heal  the  nitrogen  will  be  rapidly  absorbed,  and  the  water  will 
be  seen  to  rise  in  the  long  lube. 

This  properly  of  nitrogen  of  uniting  directly  with  magnesium 
was  utilised  in  eflecting  the  separation  of  the  nitrogen  of  the  air 
from  the  small  quantities  of  argon  and  other  "  inert  gases  "  con- 
tained in  the  atmosphere. 

Although  it  is  true  that  nitrogen  in  the  elemenial  condition  is  an 

inert  substance,  the  element  itself  is  in  reality  possessed  of  strong 

•  chemical  affinities.     Indeed,  the  very  inertness  of  its  iiwlecules 

may  be  regarded  as  an  indication  of  the  strong  aflinity  between 
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the  two  atoms  which  constitute  the  molecule.  Nitrogen  enters 
into  the  composition  of  an  enormous  number  of  compounds,  and 
its  atoms  must  be  regarded  as  possessing  great  chemical  activity. 
The  formation  of  such  con[ipounds  as  the  nitrides  above  mentioned 
may  be  quoted  as  an  illustration.  Although  elementary  nitrogen 
combines  directly  with  comparatively  few  metals,  and  with  most 
of  these  only  at  somewhat  high  temperatures,  these  compounds 
are  readily  produced  if,  instead  of  elementary  nitrogen,  nitro- 
gen in  combination  with  hydrogen  (ammonia)  be  employed  (see 
p.  278). 

The  critical  temperature  of  nitrogen  is  -  149',  and  when  cooled 
to  this  point  a  pressure  of  27.5  atmospheres  causes  its  liquefaction. 
Under  ordinary  atmospheric  pressure  the  liquid  boils  at  -  195.5'  > 
the  gas,  therefore,  can  be  liquefied  by  the  cold  obtained  by  the 
rapid  evaporation  of  liquid  oxygen  (see  p.  78). 


CHAPTER   V 
OXIDES  AND  OXY-ACIDS  OP  NITROGEN 

Nitrogen  combines  with  oxygen,  forming  five  oxides  : — 

(i.)  Nitrous  oxide  (hyponitrous  anhydride)    .  NgO. 

(2.)  Nitric  oxide NO. 

(3.)  Nitrogen  trioxide  (nitrous  anhydride)  N2O3. 

(4.)  Nitrogen  peroxide N02andN204. 

(5.)  Nitrogen  pentoxide  (nitric  anhydride)     .  NjO^. 

Three  oxy-acids  of  nitrogen  are  known,  corresponding  to  the 
three  oxides,  Nos.  i,  3,  5  : — 

Hyponitrous  acid     .  .     HNO. 

Nitrous  acid HNOg. 

Nitric  acid HNO3. 

The  relation  in  which  these  three  acids  stand  to  their  corre- 
sponding oxides  may  be  seen  by  the  following  formulae  : — 

Hyponitrous  anhydride  m  |  O.     Hyponitrous  acid  u  r  O. 

Nitrous  anhydride  .     j^q  ^  O.      Nitrous  acid  .        w  t  ^* 

Nitric  anhydride    .    JJq^  \  O.      Nitric  acid      .  ^^  I  O. 

The  most  important  of  all  these  compounds,  and  the  one  from 
which  all  the  others  are  directly  or  indirectly  obtained,  is  nitric 
acid. 

NITRIC  ACID. 

Formula,  HNO3.     Molecular  weight =63.05. 

History. — Nitric   acid,  or  aquafortisy  was   a   well-known   and 

valued  liquid  to  the  alchemists.     Down  to  the  time  of  Lavoisier 
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(1776)  its  true  nature  was  not  known  ;  he  showed  that  oxygen  was 
one  of  its  constituents,  but  as  to  its  other  components  he  was  un- 
certain.    Its  exact  composition  was  determined  by  Cavendish. 

Modes  of  Formatioil. — (i.)  When  an  electric  spark  is  passed 
through  a  detonating  mixture  of  oxygen  and  hydrogen  with  which 
a  certain  quantity  of  air  or  nitrogen  is  mixed,  the  water  that  is 
produced  by  the  union  of  the  oxygen  and  hydrogen  is  found  to 
contain  nitric  acid.  This  feict  was  first  observed  by  Cavendish  in 
the  course  of  his  investigations  on  the  composition  of  water,  when, 
owing  to  the  accidental  admixture  of  air  with  the  mixed  gases, 
oxygen  and  hydrogen,  he  found  that  the  water  resulting  from  the 
union  was  sometimes  acid. 

The  direct  union  of  nitrogen  and  oxygen  may  be  brought  about 
by  allowing  a  series  of  electric  sparks  to  pass  between  platinum 
wires  in  a  confined  volume  of  air,  contained  in  a  glass  globe,  as 
shown  in  Fig.  49.  In  a  short  time  the  air  in  the  globe  will  become 
distinctly  reddish  in  colour,  owing  to  the  formation  of  nitrogen 
peroxide.  The  rapidity  of  the  formation  of  the  red  fumes  will 
be  greatly  increased  by  compressing  the  air  within  the  globe  by 
means  of  a  small  compression  pump,  as  indicated  in  the  figure. 

If  a  small  quantity  of  water  be  introduced,  and  the  contents  of 
the  globe  shaken  up,  the  red  gas  will  be  seen  to  dissolve  in  the 
water,  which  will  then  acquire  an  acid  reaction,  owing  to  the  forma- 
tion of  nitric  acid. 

Similarly,  when  a  jet  of  hydrogen  is  allowed  to  bum  in  air  to 
which  additional  oxygen  has  been  added,  considerable  quantities 
of  nitrogen  peroxide  are  formed.  The  hydrogen  may  be  burnt 
from  a  jet,  surrounded  by  a  glass  tube,  as  shown  in  Fig.  50,  into 
which  oxygen  can  be  passed  by  means  of  the  small  bent  tube  at 
the  bottom.  On  holding  a  clean  dry  cylinder  over  the  flame, 
sufficient  of  the  products  of  combustion  will  collect  in  a  few  seconds 
to  show  the  presence  of  nitrogen  peroxide. 

This  direct  union  of  atmospheric  oxygen  and  nitrogen  has 
recently  been  made  the  basis  of  a  manu&cturing  process.  A 
stream  of  air  is  caused  to  pass  through  the  electric  arc  at  a  rate 
sufficiently  rapid  to  sweep  away  the  products  of  the  action  and  so 
prevent  their  dissociation.  The  nitrogen  peroxide  which  is  formed 
is  condensed  to  the  liquid  state,  and  thereby  separated  from  the 
other  gases,  by  passing  the  mixture  through  a  refrigerator. 

(2.)  Nitric  acid  is  formed  when  nitrogenous  animal  matter  under- 
goes slow  oxidation  in  the  air,  in  the  presence  of  water  and  an 
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alkali,  the  nitric  acid  combining  with  the  alkali  to  form  a  nitrate. 
In  this  way  nitrates  are  found  in  the  soil,  and  from  the  soil  often 
find  their  way  into  shallow  well-waters  of  towns.  In  hot  and  rain- 
less countries  these  nitrates  are  sometimes  found  as  crystalline 
deposits  on  the  surface  of  the  soil,  as  in  Chili  and  India  (see 
Potassium  Nitrate). 

(3.)  Nitric  acid  is  prepared  by  acting  upon  potassium  nitrate 
{tiitre^saltpetre)  with  sulphuric  acid.  The  nitre  is  placed  in  a  glass 
retort,  together  with  an  equal  weight  of  sulphuric  acid,  and  the 
mixture  gently  heated.    The  nitric  acid  readily  distils  over,  and 


Fig.  49. 


Fig.  50. 


may  be  collected  in  a  cooled  receiver.  The  residue  in  the  retort 
consists  of  hydrogen  potassium  sulphate — 

KN03+H2S04=KHS04+HN03. 

The  acid  so  obtained  is  not  entirely  free  from  water,  and  contains 
nitrogen  peroxide  in  solution,  which  imparts  to  it  a  yellowish-red 
colour.  To  purify  it,  it  is  again  distilled  with  an  equal  volume  of 
sulphuric  acid  ;  and  the  redistilled  acid  is  deprived  of  the  last  traces 
oi  dissolved  peroxide  of  nitrogen,  by  causing  a  stream  of  dry  air  to 


Nitric  Acid  237 

bubble  through  it  while  slightly  warm.  Nitric  acid  so  prepared 
may  contain  as  much  as  99.8  per  cent  of  anhydrous  acid,  HNO3. 

(4.)  Nitric  acid  is  an  article  of  commercial  manufacture.  In  this 
process  potassium  nitrate  is  replaced  by  the  sodium  salt,  as  being 
the  cheaper  material,  and  the  proportion  of  acid  to  sodium  nitrate 
employed  is  arranged  in  accordance  with  the  equation — 

2NaN03+HjS04=Na,S04  +  2HN03. 

It  will  be  seen  that  the  whole  of  the  hydrogen  of  the  sulphuric 
acid  has  been  replaced  by  the  alkali  metal  derived  from  two  mole- 
cules of  the  nitrate,  and  that  two  molecules  of  nitric  acid  result. 

The  reaction  takes  place  in  two  stages  ;  in  the  first  we  have — 

NaN03+H2S04=NaHS04  +  HN08. 

And  then,  as  the  temperature  is  raised,  the  hydrogen  sodium 
sulphate  reacts  upon  a  second  molecule  of  the  nitrate,  thus — 

NaN08  +  NaHS04=Na,S04+HN03. 

The  temperature  necessary  to  effect  this  second  stage,  however, 
causes  the  decomposition  of  a  certain  quantity  of  the  nitric  acid 
itself,  thus— 

2HN03=H20  +  2NOa+0. 

The  retorts  usually  employed  for  the  manufacture  of  this  acid  arc 
large  cast-iron  cylinders,  which  are  sometimes  lined,  either  entirely 
or  in  part,  with  fireclay,  and  which  are  built  into  a  furnace  in  such 
a  manner  as  to  allow  of  their  being  heated  as  uniformly  as  possible. 
The  ends  of  the  cylinders  are  closed  by  slabs  of  Yorkshire  flag, 
securely  cemented  to  the  iron.  The  charge  of  sodium  nitrate 
(Chili  saltpetre)  and  sulphuric  acid  is  introduced  through  a  hole  in 
one  end,  which  is  afterwards  plugged  up,  and  the  vapours  are 
carried  off  through  an  earthenware  pipe  (<:,  Fig.  51),  cemented 
through  a  hole  in  the  other  end,  and  connected  to  a  series  of 
earthenware  pots,  ^,  in  the  manner  shown  in  the  figure.  The  last 
of  these  jars  is  connected  with  a  tower,  filled  with  coke,  down  which 
water  is  caused  to  percolate,  and  any  peroxide  of  nitrogen  which 
escapes  condensation  with  the  acid  in  the  jars  is  thereby  absorbed. 

Properties. — Nitric  acid  is  a  colourless  liquid  having  a  specific 
graxnty  of  1.55.  It  fiimes  strongly  in  the  air,  and  has  a  peculiar 
and  choking  smell.    It  is  extremely  hygroscopic,  absorbing  moisture 
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le  air  wiih  great  readiness,     Niiric  acid  is  an  intensely 
e  liquid  :  the  strongest  acid,  when  brouKht  in  contact  with 
the  skin,  causes  painful  wounds,  while  in  more  dilute  c 
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begins  to  boil  at  86%  at  the  same  time  it  is  partially  decomposed 
into  water,  nitrogen  peroxide,  and  oxygen  ;  the  distillate,  therefore, 
gradually  becomes  weaker,  and  the  boiling-point  gradually  rises. 
This  continues  until  a  certain  point  is  reached,  when  both  the 
temperature  of  the  boiling  liquid  and  the  strength  of  the  distillate 
remain  constant  If,  on  the  other  hand,  a  weak  acid  be  distilled, 
the  distillate  gradually  increases  in  strength,  until,  when  the  same 
point  is  reached,  the  boiling  liquid  has  again  the  same  temperature. 

This  constant  boiling-point  is  120.5%  &^^  ^^^  distillate  which 
comes  over  at  that  temperature  contains  68  per  cent,  of  HNO3. 
Whatever  the  strength  of  the  acid,  therefore,  on  being  boiled  it 
loses  either  nitric  acid  or  water  until  the  strength  reaches  68  per 
cent.,  and  this  liquid  boils  at  120^  C.  The  specific  gravity  of  this 
acid  at  15*"  is  1.414.  It  was  formerly  supposed  that  the  acid  of  this 
strength  constituted  a  definite  hydrate,  but  Roscoe  has  shown  that 
the  strength  of  the  acid  is  purely  a  function  of  the  pressure,  for  by 
varying  the  pressure  under  which  the  distillation  is  conducted, 
acids  of  various  compositions  can  be  caused  to  distil  at  a  constant 
temperature.  Mixed  liquids  of  this  nature  are  known  as  constant- 
boiling  mixtures,  and  are  strictly  analogous  to  constant-freezing 
mixtures  (page  155). 

When  nitric  acid  is  mixed  with  water  there  is  a  rise  in  tempera- 
ture and  a  contraction  in  volume,  the  maximum  effect  being  pro- 
duced when  the  mixture  is  made  in  the  proportion  of  three  molecules 
of  water  with  one  molecule  of  acid. 

Nitnc  acid  is  a  powerful  oxidising  agent,  on  account  of  the  readi- 
ness with  which  it  parts  with  oxygen.  Elements  such  as  sulphur 
and  phosphorus  are  oxidised  into  sulphuric  and  phosphoric  acids  ; 
arsenious  oxide  into  arsenic  acid ;  and  many  protosalts  are  con- 
verted into  persalts.  It  attacks  a  large  number  of  metals,  forming 
in  many  cases  the  nitrate.  Its  action  upon  metals  is  often  of 
a  complicated  nature,  and  depends  not  only  upon  the  particular 
metal,  but  also  upon  the  strength  of  the  acid,  the  temperature, 
and  the  presence  of  the  saline  products  of  the  reaction  ;  thus, 
when  nitric  acid  acts  upon  copper,  the  following  reaction  takes 
place — 

3Cu+8HN03=3Cu(N03)j  +  4HjO  +  2NO. 

It  is  found,  however,  that  as  the  amount  of  copper  nitrate  accu- 
mulates, the  nitric  oxide  which  is  evolved  is  mixed  more  and  more 
largely  with  nitrous  oxide,  NjO,  and  even  with  nitrogen. 
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Again,  when  dilute  nitric  acid  acts  upon  zinc,  nitrous  oxide  is 
produced,  according  to  the  following  equation — 

4Zn  +  10HNO3=4Zn(NO3)a  +  SHjjO  +  N.O. 

When,  however,  strong  nitric  acid  b  employed,  ammonia  is  formed, 
which  combines  with  the  excess  of  acid — 

4Zn  +  9HN08=4ZnCN08)2  +  3HjO  +  NHj. 

In^  some  cases,  as  with  copper  and  silver,  the  presence  of  nitrous 
acid  (either  as  an  impurity  in  the  nitric  acid,  or  as  a  first  product 
of  its  attack  upon  the  metal)  is  believed  to  be  a  necessary  condition 
of  the  action. 

Owing  to  the  strong  oxidising  properties  of  nitric  acid,  hydro- 
gen is  rarely  isolated  by  the  action  of  metals  upon  this  acid,  the 
hydrogen  which  is  displaced  from  the  acid  being  converted  into 
water.     With  magnesium,  however,  free  hydrogen  is  evolved. 

The  chief  reactions  of  nitric  acid  may  be  broadly  divided  into 
three  classes  : — 

(i.)  With  metallic  oxides  its  behaviour  is  in  common  with  othet 
acids.  It  exchanges  its  hydrogen  for  an  equivalent  quantity  of  the 
metal,  forming  a  nitrate,  with  the  elimination  of  water,  e.g. — 

AgjO  4-2HN03=2AgN03  +  H2O. 

(2.)  Reactions  in  which  it  acts  as  an  oxidising  agent ;  as  an 
example,  its  action  upon  iodine,  which  is  converted  into  iodic  acid, 
may  be  cited — 

I+3HN03=HI03-fH20  +  NO  +  2N02. 

(3.)  Actions  in  which  hydrogen  in  an  organic  compound  is 
replaced  by  the  elements  NOj,  with  the  elimination  of  H^O,  no 
gas  being  evolved.  The  conversion  of  cotton-wool,  or  cellulose, 
CjaHgoOjo,  into  gun-cotton,  or  nitro-cellulose,  C,2Hi40io(NOj)j,  is 
an  illustration  of  this  class  of  reactions — 

Ci2H2oOio  +  6HN03=(JH20  +  C,2Hi,Oio(N02)fl. 

Nitric  acid  is  without  action  upon  the  so-called  tioble  metals, 
gold  and  platinum. 

Commercial  nitric  acid,  which  is  of  a  reddish  colour,  is  liable 
to  contain  many  impurities  :  chlorine  and  iodic  acid,  derived  from 
the  Chili  saltpetre  ;  iron,  sulphuric  acid,  and   sodium   sulphate. 
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carried  mechanically  over  from  the  retorts  ;  and  nitrogen  peroxide, 
from  the  decomposition  of  the  acid.  From  these  it  is  purified  by 
redistillation. 

Nitric  acid  is  a  monobasic  acid ;  the  salts  of  which,  known  as 
the  nitrates,  are  for  the  most  part  readily  soluble  in  water,  and 
crystallise  in  well-defined  forms.  They  are  all  decomposed  at  a 
high  temperature,  evolving  oxygen  and  nitrogen  peroxide,  or  oxy- 
gen and  nitrogen,  leaving  an  oxide  of  the  metal. 

The  presence  of  a  nitrate  in  solution  is  easily  recognised  by  the 
following  characteristic  test  A  solution  of  ferrous  sulphate  is  first 
added  to  the  solution  containing  the  nitrate,  and  concentrated  sul- 
phuric acid  is  then  cautiously  poured  down  the  side  of  the  test- 
tube,  held  in  a  sloping  position,  so  as  to  fall  to  the  bottom  without 
mixing  with  the  solution.  The  sulphuric  acid  acting  upon  the 
nitrate  liberates  nitric  acid  ;  this  is  reduced  by  the  ferrous  sulphate 
to  nitric  oxide,  which,  dissolving  in  the  ferrous  sulphate,  forms  a 
brown-coloured  solution  at  the  point  where  the  two  layers  of  liquid 
meet  (see  Nitric  Oxide). 

When  nitric  acid  is  added  to  hydrochloric  acid,  a  mixture  is 
obtained  which  is  known  by  the  name  of  aqua  regia.  This  name 
was  applied  to  it  by  the  alchemists  on  account  of  its  power  of  dis- 
solving gold.  Aqua  regia  is  used  in  the  laboratory  for  dissolving 
gold,  platinum,  and  certain  ores.  Its  solvent  power  depends  upon 
the  free  chlorine  which  is  evolved  from  the  mixture — 

HN03-I-3HC1-2H30-I-NOC1  +  C1J. 

NTTBOOEN  PENTOXIDE  {Nitric  Anhydride). 
Formula,  NjOfl.     Molecular  weight =108.08. 

Modes  of  Formation. — (i.)  By  withdrawing  from  nitric  acid 
the  elements  of  water,  by  means  of  phosphorus  pentoxide — 

2HN03  +  P206=2HP03  4-N206. 

For  this  purpose  the  strongest  nitric  acid  is  cautiously  added  to 
phosphorus  pentoxide  in  a  cooled  retort,  in  the  proportion  de- 
manded by  the  equation  ;  the  mixture  being  made  as  far  as  possible 
without  rise  of  temperature.  The  pasty  mass  is  then  gently  heated, 
when  the  nitrogen  pentoxide  distils  over,  and,  if  collected  in  a  well- 
cooled  receiver,  at  once  crystallises. 

(2.)  The  method  adopted  by  Deville,  who  discovered  this  com- 

<4 
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pound  (1849),  was  by  passing  dry  chlorine  over  dry  silver  nitrate 
contained  in  a  (J -tube,  which  was  kept  at  the  desired  temperature 
by  being  immersed  in  a  water-bath.  The  following  equation  ex- 
presses the  final  result  of  the  action — 

2AgNp3+ Cl,= 2AgCl  +  N,05+  O. 

• 

Properties. — Nitrogen  pcntoxide  is  a  white  solid  substance, 
crystallising  in  brilliant  prismatic  crystals,  which  melt  at  30" 
with  partial  decomposition.  Between  45"  and  50*"  it  undergoes 
rapid  decomposition,  evolving  brown  fumes.  It  is  a  very  unstable 
compound  ;  when  suddenly  heated  it  decomposes  with  explosive 
violence,  and  even  at  ordinary  temperatures  decomposition  slowly 
takes  place.  It  absorbs  moisture  rapidly,  and  when  thrown  into 
water  it  dissolves  With  the  evolution  of  gr^t  heat — 

N805+H80  =  2HN03. 

When  nitrogen  pentoxide  is  gradually  mixed  with  nitric  acid,  a 
compound  is  formed  having  the  composition  2N205,H20  ;  which 
separates,  on  cooling,  as  a  definite  crystalline  hydrate 


NITBOGEN  PEROXIDE. 

Formula,  NO^  and  N2O4.     Molecular  weight  =  46.04  and  92.08. 

Density  =  23.02  and  46.04. 

Modes  of  Formation,— ( I.)  This  compound  may  be  prepared 
by  mixing  one  volume  of  oxygen  with  two  \'olumes  of  nitric  oxide, 
and  passing  the  red  gas  so  obtained  through  a  tube  surrounded 
by  a  freezing-mixture — 

(2.)  The  nitrates  of  certain  metals,  when  heated,  are  decomposed 
into  nitrogen  peroxide,  oxygen,  and  an  oxide  of  the  metal  ;  thus, 
if  dry  lead  nitrate  be  heated  in  a  retort  and  the  gaseous  products 
of  decomposition  are  conducted  into  a  U-tube  placed  in  a  freezing- 
mixture,  the  nitrogen  peroxide  collects  in  the  tube — 

Pb(N03)2=PbO  +  N.P4  +  0. 

(3.)  When  arsenious  oxide  is  gently  warmed  with  nitric  acid,  a 
mixture  of  nitric  oxide,  NO,  and  peroxide,  NOj,  is  evolved,  and  if 
this  gaseous  mixture  be  passed  through  a  cooled  tube,  it  condenses 
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to  a  blue  liquid.  On  passing  a  stream  of  oxygen  through  this 
liquid  it  loses  its  blue  colour,  and  is  converted  into  a  yellowish 
liquid  which  consists  of  nitrogen  peroxide. 

Properties. — At  low  temperatures  nitrogen  peroxide  is  a  colour- 
less crystalline  compound.  It  melts  at  ~  9**,  but  requires  a  tem- 
perature as  low  as  —  30'  to  solidify  it.  At  a  temperature  slightly 
above  its  melting-point  the  liquid  begins  to  acquire  a  pale  yellowish 
tint,  which  rapidly  deepens  until  at  the  ordinary  temperature  it  is 
a  full  orange  colour.  The  liquid  boils  at  22%  and  gives  a  vapour 
having  a  reddish-brown  colour.  The  colour  of  the  vapour  also 
becomes  deeper  as  its  temperature  is  raised,  until  at  40**  it  is  a 
dark  chocolate  brown,  and  almost  opaque.  On  allowing  the 
vapour  to  cool  the  reverse  changes  take  place.  This  change  of 
colour,  as  the  temperature  rises,  is  accompanied  by  a  steady 
change  in  the  density  of  the  gas,  as  will  be  seen  from  the  table  : — 


Temperature. 

Density. 

Percentage  of 
NO.  Molecules. 

26.7** 

38.3 

20.00 

60. 2* 

30.1 

52.04 

100.  r 

24.3 

89.23 

1350" 

23.1 

98.69 

140.0* 

23.02 

loaoo 

The  density  required  by  the  formula  N3O4  is  46.04,  while  that 
demanded  by  the  formula  NO,  is  23.02  ;  hence  as  the  temperature 
rises  a  process  of  dissociation  goes  on  in  which  N2O4  molecules 
are  broken  down  into  molecules  of  the  simpler  composition. 
At  140**  this  process  is  complete,  and  the  gas  is  entirely  re- 
solved into  NO,.  It  is  believed  that  at  low  temperatures  nitrogen 
peroxide  has  the  composition  represented  by  the  formula  N2O4, 
but  that  dissociation  begins  to  take  place  even  during  the  state  of 
liquidity,  as  indicated  by  the  gradual  change  of  colour  ;  and  there- 
fore at  temperatures  between  the  boiling-point  of  the  liquid,  viz., 
22*,  and  140*,  the  gas  consists  of  mixtures  of  molecules  of  NO,  and 
N,04.  The  calculated  percentage  of  NO,  molecules,  which  the 
gas  contains  at  the  temperatures  at  which  the  above  densities  are 
taken,  are  given  in  the  third  column. 

Nitrogen  peroxide  is  decomposed  by  water.  At  low  tempera- 
tures, and  with  small  quantities  of  water,  nitric  and  nitrous  acids 
are  the  products  of  the  action,  thus — 

N-P^-l-HgO^HNOj-f  HNOo. 
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At  the  ordinary  temperature,  and  with  an  excess  of  water,  the 
following  reaction  takes  place — 

3NO,+  H,0  =  2HNOs+NO. 

Gaseous  nitrogen  peroxide  is  incapable  of  supporting  the  com- 
bustion of  a  taper.  Phosphorus,  when  strongly  burning  and 
plunged  into  the  gas,  continues  its  combustion  with  brilliancy, 
the  temperature  of  the  burning  phosphorus  being  sufficiently  high 
to  effect  the  decomposition  of  the  gas.  Nitrogen  peroxide  is  a 
suffocating  and  highly  poisonous  gas,  and  even  when  largely 
diluted  with  air  rapidly  produces  headache  and  sickness. 

Nitrogen  peroxide  unites  directly  with  certain  metals,  giving  rise  to  a  re- 
markable series  of  compounds,  to  which  the  name  nitro-metals,  or  metallic 
nitroxyls,  may  be  given  (Sabatier  and  Senderens).*  Thus,  when  the  vapour 
of  nitrogen  peroxide  is  passed  over  metallic  copper  (obtained  by  the  reduction 
of  copper  oxide  in  a  stream  of  hydrogen),  the  gas  is  rapidly  absorbed  by  the 
metal  with  considerable  rise  of  temperature,  and  a  solid  brown  compound  is 
formed.  This  substance  is  the  copper-nitroxyl,  and  its  composition  is  ex- 
pressed by  the  formula  CU2NO2. 

Copper-nitroxyl  is  a  fairly  stable  compound,  and  is  unacted  upon  by  dry  air. 
It  is  decomposed  by  water  and  by  nitric  acid,  hence  in  its  preparation  care 
must  be  taken  to  free  the  nitrogen  peroxide  from  these  substances. 

At  a  temperature  of  about  90*  copper-nitroxyl  is  decomposed  into  copper 
and  nitrogen  peroxide.  If,  therefore,  a  quantity  of  the  compound  be  sealed 
up  in  a  bent  glass  tube,  and  the  empty  limb  of  the  tube  be  immersed  in  a 
freezing-mixture  while  the  compound  is  gently  warmed,  the  nitrogen  peroxide 
which  is  evolved  will  be  condensed  in  the  cold  portion  of  the  tube. 

Similar  compounds  are  formed  with  the  metals  cobalt,  nickel,  and  iron. 

Nitrous  Add,  HNOy— This  substance  is  not  known  in  the  pure 
state.  Even  in  dilute  aqueous  solution  it  rapidly  decomposes  into 
nitric  acid,  nitric  oxide,  and  water — 

3HN02=HN03+2NO  +  H20. 

The  solution  of  this  acid  sometimes  acts  as  a  reducing  agent, 
taking  up  oxygen  from  such  highly  oxidised  compounds  as  per- 
manganates or  chromates  and  passing  into  nitric  acid — 

HN02  +  0  =  HN03. 

Under  other  conditions  it  exerts  an  oxidising  action,  as  when  it 
bleaches  indigo,  or  liberates  iodine  from  potassium  iodide,  being. 

•  Bulletin  de  la  Sociit^  Chimique^  Septcinlx^r  1893. 
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itself  reduced  to  nitric  oxide  and  water,  with  the  elimination  of 
oxygen — 

2HNOj,=2NO  +  Hj04-0. 

The  salts  of  nitrous  acids,  viz.,  the  nitrites^  are  stable  compounds. 
The  nitrites  of  the  alkalies  are  best  prepared  by  carefully  heating, 
the  nitrates  ;  thus,  when  potassium  nitrate  is  fused,  it  parts  with 
oxygen  and  is  transformed  into  potassium  nitrite — 

KN08=KN0j+0. 

At  a  higher  temperature  the  nitrate  is  also  decomposed. 

Nitrites  are  decomposed  by  dilute  acids  evolving  brown  vapours, 
and  in  this  way  are  at  once  distinguished  from  nitrates. 

Nitrogen  Triozlde. — There  is  considerable  doubt  as  to  the  existence  of  this 
compound.  It  has  been  usually  stated  that  it  is  formed  by  the  action  of  nitric 
acid  upon  arsenious  oxide,  according  to  the  equation — 

AS40e+4HNOs=2Asa05+2HjO-f-2Na03. 

It  has,  however,  been  shown  by  the  determination  of  the  vapour  density  that 
in  the  gaseous  state  the  compound  N2O3  does  not  exist,  but  that  the  gas  is  a 
mixture  of  molecules  of  NO  and  NO3.  It  will  be  seen  that  a  mixture  contain- 
ing  equal  volumes  of  these  two  gases  will  have  a  composition  represented  by 
the  formula  N3O3,  therefore  the  above  reaction  may  be  regarded  as  taking 
place  thus — 

As40«+4HNOa=2AsaOa+2HjO+2NO+2NOa. 

Simultaneously  with  this  reaction  the  following  decomposition  also  goes 
forward — 

As40«+8HNO,=2As,08+4HjO+8NOa. 

The  result,  therefore,  of  the  action  of  nitric  acid  upon  arsenious  oxide  is  a 
mixture  of  nitric  oxide  and  peroxide  in  varying  proportions. 

When  this  mixture  is  strongly  cooled  it  condense  to  a  blue  liquid,  believed 
by  some  to  be  the  true  compoilnd  NgOs.  Others  regard  it  as  merely  a  solu- 
tion of  the  difficultly  liquefied  gas,  NO,  in  liquid  nitrogen  peroxide,  NO3.  If 
the  two  oxides  are  in  a  state  of  combination,  it  would  appear  to  be  at  best  a 
feeble  union,  for  it  has  been  shown  that  at  temperatures  as  low  as  -  90"  the 
liquid  slowly  evolves  NO,  while  at  this  temperature  no  nitrogen  .  peroxide  is 
given  off. 

The  most  recent  work  on  the  subject)  however,  based  upon  minute  changes 
of  volume  which  result  whien  NO  and  NOj  arc  mixed  (Dixon  and  Peterkin, 
Proc,  Chem.  Sac.,  June  1899),  points  to  the  conclusion  that  the  reaction  which 
may  be  expressed  N208=NO+NOj  is  to  9.  slight  extent  a  reversible  one ;  and 
that  therefore  a  mixture  of  the  two  gases  NO  and  NOo  at  ordinary  tempera- 
tures actually  does  contain  a  small  percentage  of  N^Oj  molecules. 
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HITBIC  OXIDE. 

Fonnula,  NO.     Molecular  wdgfat = 30. 04.     Density  =  1 5. 02. 

History.— Nitric  oxide  was  first  obtained  by  Van  Helmont. 
Priestley,  however,  was  the  first  to  investigate  this  gas,  which  he 
termed  nitrous  air^  and  which  was  employed  by  him  in  his  analysis 
of  air. 

Modes  of  Formation.— ( I.)  This  gas  is  obtained  by  the  action 
of  nitric  acid  of  specific  gravity  1.2  upon  copper  or  mercury.  In 
practice  copper  is  always  employed.*  The  action  may  be  repre- 
sented thus — 

3Cu  +  8HN03=3Cu(N03)8  +  4H20  +  2NO. 

'Ilie  gas  obtained  by  this  method  is  always  liable  to  contain 
nitrous  oxide  and  even  free  nitrogen  ;  the  amount  of  these  im- 
purities rapidly  increasing  if  the  temperature  be  allowed  to  rise, 
and  still  more  so  as  the  amount  of  copper  nitrate  in  solution 
increases. 

(2.)  Pure  nitric  oxide  is  readily  obtained  by  the  action  of  nitric 
acid  upon  ferrous  sulphate.  The  reaction  is  best  applied  by  gene- 
rating the  nitric  acid  from  p>otassium  nitrate  and  sulphuric  acid  in 
the  presence  of  ferrous  sulphate.  A  mixture  of  the  two  salts,  in 
the  proportion  of  about  one  part  of  nitre  to  four  of  ferrous  sulphate, 
is  introduced  into  a  flask,  with  a  small  quantity  of  water.  Strong 
sulphuric  acid  is  dropped  upon  the  mixture  by  means  of  a  drop- 
ping funnel,  and  the  mixture  gently  warmed,  when  a  steady  stream 
of  pure  nitric  oxide  is  evolved — 

2KN03  +  5IIaS04+6FeS04=2HKS04  +  3Fe,(S04)5+4H20+2Nb. 

A  precisely  similar  result  may  be  obtained  by  the  reduction  of 
potassium  nitrate  by  means  of  ferrous  chloride  in  the  presence  of 
hydrochloric  acid,  thus — 

KN03-|-8FeCl2-|-4HCl=,SFeCl3+KCl-l-2H20  +  NO. 

Properties. — Nitric  oxide  is  a  colourless  gas,  having  a  specific 
gravity  of  1.039.  When  brought  into  the  air,  it  combines  with  the 
atmospheric  oxygen,  forming  red-brown   vapours,   consisting    of 

*  ICxperimcnt  314,  '*  ('hemical  lecture  Kx\)eriments,"  new  ed. 
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nitrogen  peroxide,  the  combination  being  attended  with  a  rise 
of  temperature.  The  formation  of  these  red  fumes  in  contact 
with  oxygen  is  characteristic  of  this  gas,  thereby  distinguishing 
it  from  all  other  gases.  This  property  of  nitric  oxide  renders 
it  impossible  to  ascertain  whether  tl}is  gas  has  any  smell,  or 
is  possessed  of  any  toxicological  action.  Nitric  oxide  is  only 
very  sparingly  soluble  in  water.  It  is  the  most  stable  of  all  the 
oxides  of  nitrogen,  being  able  to  stand  a  dull  red  heat  without 
decomposition.  It  is  not  a  supporter  of  combustion.  A  lighted 
taper,  or  a  butning  piece  of  sulphur,  when  introduced  into  the  gas, 
are  extinguished.  If  the  temperature  of  the  burning  substance  is 
sufficiently  high  to  decompose  the  gas,  com- 
bustion then  continues  at  the  expense  of  the 
liberated  oxygen  :  thus,  if  a  piece  of  phos- 
phorus, which  is  freely  burning  in  the  air,  be 
plunged  into  this  gas,  it  continues  its  com- 
bustion with  great  brilliancy  ;  if,  however, 
the  phosphorus  be  only  feebly  burning  when 
thrust  into  the  gas,  it  is  at  once  extinguished. 
A  mixture  of  carbon  disulphide  vapour  and 
nitric  oxide,  obtained  by  allowing  a  few  drops 
of  the  liquid  to  fall  into  a  cylinder  of  the  gas, 
bums,  when  inflamed,  with  an  intensely  vivid 
bluish  flame,  which  is  especially  rich  in  the 
violet  or  actinic  rays,  and  has  on  this  ac- 
count been  sometimes  employed  by  photo- 
graphers to  illuminate  dark  interiors.    Nitric 

oxide  is  soluble  in  a  solution  of  ferrous  sulphate,  fonning  a  dark- 
brown  solution,  containing  an  unstable  compound  of  ferrous  sul- 
phate and  nitric  oxide,  2FeS04,NO.  This  compound  is  readily 
decomposed  by  heat,  nitric  oxide  being  evolved.  By  means  of  this 
reaction,  nitric  oxide  may  be  separated  from  other  gases.  Nitric 
oxide  is  a  difficultly  lique6able  gas,  its  critical  temperature  being 
"*93'5**  at  this  temperature  a  pressure  of  71.2  atmospheres  is 
required  to  liquefy  it. 

The  composition  of  nitric  oxide  may  be  proved  by  heating  a 
spiral  of  iron  wire  by  means  of  an  electric  current  in  a  measured 
volume  of  the  gas  (as  shown  in  Fig.  52).*  As  the  metal  becomes 
red  hot  the  gas  is  gradually  decomposed  and  the  oxygen  combines 


Fk;.  52. 


*  Na  321,  "Chemical  Lecture  Experiments." 
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with  the  iron  to  form  ferric  oxide.     The  residual  nitrogen  will 
be  found  to  occupy  one-half  the  original  volume. 

Two  vols,  of  nitric  oxide,  weighing    30.04 
Contain  i  vol.  of  nitrogen,  weighing  14.04 

16.00= weight  of  I  vol  of  oxygen. 

Therefore  we  learn  that  two  volumes  of  nitric  oxide  consist  of 
one  volume  of  nitrogen  and  one  volume  of  oxygen  united  \)vdthout 
condensation. 


NITROUS  OXIDE  {Hyponitrous  anhydride,  iMtighing  gas). 
Formula,  N jO.     Molecular  weigh t — 44. 08.     Density = 22. 04. 

HistOFy. — This  gas  was  discovered  by  Priestley,  and  called  by 
him  dephlogisticaied  nitrous  air. 

Modes  of  FoPmation. — (i.)  Nitrous  oxide  is  formed  by  the 
reduction  of  nitric  acid  by  certain  metals,  as  zinc  or  copper,  under 
special  conditions  (see  Nitric  Acid).  These  reactions,  however, 
are  never  made  use  of  for  the  preparation  of  the  gas  for  experi- 
mental purposes. 

(2.)  The  most  convenient  method  for  obtaining  this  compound 
is  by  the  decomposition  of  ammonium  nitrate.  A  quantity  of  the 
dry  salt  is  gently  heated  in  a  flask  fitted  with  a  cork  and  delivery- 
tube.  The  salt  rapidly  melts  and  splits  up  into  nitrous  oxide  and 
water — 

NH4N03=2H20  +  N20. 

The  heat  should  be  carefully  regulated,  or  the  decomposition  is 
liable  to  become  violent,  in  which  case  nitric  oxide  is  also  evolved. 
Nitrous  oxide  being  rather  soluble  in  cold  water,  the  gas  should 
be  collected  either  over  mercury  or  over  hot  water. 

When  the  gas  is  to  be  used  for  anaesthetic  purposes,  it  should  be  purified 
by  being  passed  first  through  a  solution  of  ferrous  sulphate  to  absorb  any  nitric 
oxide,  and  afterwards  through  caustic  soda,  to  remove  any  chlorine  which  may 
have  been  derived  from  the  presence  of  ammonium  chloride  in  the  nitrate. 

Properties. — Nitrous  oxide  is  a  colourless  gas,  having  a  faint 

and  not  unpleasant  smell,  and  a  peculiar  sweetish  taste.     Its 

specific  gravity  is  1.52.     The  gas  is  somewhat  soluble  in  water,  its 

coefficient  o/* absorption  at  o'  being  1.3052.     The  solubility  rapidly 
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decreases  as  the  temperature  rises,  as  will  be  seen  by  the  follow- 
ing table  (Carius)  : — 

X  C.C  Water  at  c.c.  N,0  at  o'  C 

760  mm.  Dissolves  and  760  mm. 

At  o" 1.3052 

„   ID* 0.9196 

„  20* 0.6700 

,,25' 0.5962 


The  loss  of  gas  during  its  collection  over  water  in  the  pneumatic 
trough,  arising  from  its  solubility  in  that  liquid,  is  therefore  g^atly 
lessened  by  using  warm  water.  Nitrous  oxide  is  much  more 
readily  decomposed  than  nitric  oxide  ;  a  red-hot  splint  of  wood  is 
instantly  rekindled,  and  bursts  into  flame  when  plunged  into  the 
gas.  Phosphorus  burns  in  it  with  a  brilliancy  scarcely  perceptibly 
less  dazzling  than  in  pure  oxygen.  If  a  piece  of  sulphur  which  is 
only  feebly  burning  be  thrust  into  a  jar  of  this  gas,  the  sulphur  is 
extinguished,  the  temperature  of  the  flame  not  being  sufficiently 
high  to  decompose  the  gas.  When,  however,  the  sulphur  is 
allowed  to  get  into  active  combustion  before  being  placed  in  the 
gas,  the  combustion  continues  with  greatly  increased  brilliancy. 
In  all  cases  of  combustion  in  nitrous  oxide,  the  combustion  is 
simply  the  union  of  the  burning  body  with  oxygen,  the  nitrogen 
being  eliminated.  From  its  behaviour  towards  combustibles, 
nitrous  oxide  might  readily  be  mistaken  for  oxygen  ;  it  can,  how- 
ever, be  easily  distinguished  from  that  gas  by  the  fact  that  when 
added  to  nitric  oxide  it  does  not  produce  red  vapours,  whereas 
when  oxygen  is  mixed  with  nitric  oxide  these  coloured  fumes  are 
instantly  formed. 

When  equal  volumes  of  nitrous  oxide  and  hydrogen  are  mixed 
in  a  eudiometer,  and  an  electric  spark  passed  through  the  mix- 
ture, the  gases  combine  with  explosion,  water  being  produced  and 
nitrogen  set  free  ;  the  volume  of  nitrogen  so  resulting  being  equal 
to  that  of  the  nitrous  oxide  employed.  This  compound,  therefore, 
contains  its  own  volume  of  nitrogen,  and  half  its  own  volume  of 
oxygen.  Nitrous  oxide,  when  inhaled,  exerts  a  remarkable  action 
upon  the  animal  organism.  This  fact  was  first  observed  by  Davy. 
If  breathed  for  a  short  time,  the  gas  induces  a  condition  of  hysterical 
excitement,  often  accompanied  by  boisterous  laughter,  hence  the 
name  laughing  gas.  If  the  inhalation  be  continued,  this  is  followed 
by  a  condition  of  complete  insensibility,  and  ultimately  by  deaths 


2  so  Inorganic  Chemistry 

On  account  of  the  ease  with  which  the  state  of  insensibility  can  be 
brought  about,  this  gas  is  extensively  employed  as  an  ana&sthctic, 
especially  in  dentistry. 

Nitrous  oxide  is  a  gas  which  is  moderately  easily  liquefied  ;  at 
o^  C.  a  pressure  of  thirty  atmospheres  is  required  to  effect  its 
liquefaction. 

Liquid  nitrous  oxide  is  colourless  and  mobile  ;  it  boils  at  —  89.8% 
and  when  dropped  upon  the  skin  produces  painful  blisters. 
When  thrown  upon  water,  a  quantity  of  the  water  is  at  once  con- 
verted into  ice ;  mercury  poured  into  a  tube  containing  a  small 
quantity  of  the  liquid  is  instantly  frozen.  An  ignited  fragment  of 
charcoal  thrown  upon  the  liquid  floats  upon  the  surface,  at  the 
same  time  burning  with  brilliancy.  If  the  liquid  be  mixed  with 
carbon  disulphide,  and  placed  in  vacuo,  the  temperature  falls 
to  - 140".  By  strongly  cooling  the  liquid,  contained  in  a  sealed 
tube,  Faraday  succeeded  in  solidifying  it ;  this  may  also  be 
effected  by  the  rapid  evaporation  of  the  liquid.  The  solid  melts 
at  -  102.7°,  and  if  placed  upon  the  hand  causes  a  painful  blister ; 
in  this  respect  it  differs  from  solid  carbon  dioxide,  which  gasifies 
without  previous  lique&ction. 

Hyponitrous  Add,  NHO. — This  substance  has  not  yet  been  isolated,  being 
only  known  in  its  salts  and  in  aqueous  solution. 

When  a  solution  of  potassium  nitrate,  or  nitrite,  is  acted  upon  by  sodium 
amalgam  (an  alloy  of  sodium  and  mercury),  the  salt  is  reduced  by  the  nascent 
hydrogen,  evolved  by  the  action  of  the  amalgam  upon  water,  and  the  potassium 
salt  of  hyponitrous  acid  is  left  in  solution — 

KNO,+4H=2HaO+KNO. 

The  solution,  which  is  alkaline,  owing  to  the  presence  of  sodium  hydroxide, 
is  then  made  neutral  by  the  addition  of  acetic  acid,  and  silver  nitrate  added. 
A  yellow  precipitate  is  thrown  down,  consisting  of  silver  hyponitrite,  AgNO. 

When  a  solution  of  potassium  hyponitrite  is  acidified  and  then  heated,  the 
hyponitrous  acid,  which  may  l>e  regarded  as  liberated  by  the  acid,  is  broken  up 
into  nitrous  oxide  and  water — 

2HNO=N,0+HaO. 

Nitrosyl  Ghloride,*  NOCl. — This  compound  may  be  obtained  by  the  direct 
combination  of  nitric  oxide  with  chlorine — 

2NO  +  CL=2NOCl. 


Tilden  has  shown  that  this  is  the  on\y  oxy-cVv\oT\d«!.  o(  uvlto^eu  tUai  exists. 
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It  is  also  formed  by  the  action  of  phosphorus  pentachloride  upon  potassium 
nitrite,  thus —  , 

PCI8+  KNO,= NOCl  +  POCl,+ KCl. 

Nitrosyl  chloride  is  formed  together  with  chlorine  when  a  mixture  of  nitric 
and  hydrochloric  acids  is  gently  heated— 

HNQ,+3Ha=NOCl+Cl,+2FV>. 

Nitrosyl  chloride  is  also  readily  prepared  by  the  action  of  nitrosyl  hydrogen 
sulphate  upon  dry  sodium  chloride,  thtis — 

(N0)HS04 + NaCl= NOCl  +  NaHS04. 

Proper Um. — Nitrosyl  chloride  is  an  orange-yellow  gas,  which  easily  con- 
denses when  passed  through  a  tube  immersed  in  a  freezing-mixture,  to  an 
orange-yellow  liquid,  which  boils  at  about  -  8*.  It  is  decomposed  by  water 
into  nitrous  acid  and  hydrochloric  acid— 

NOCl  +  H,0= HNO,+ Ha. 

In  a  similar  manner  it  is  decomposed  by  metallic  oxides  and  hydroxides, 
thus— 

NOa  +  2KHO=KNO,+  KCl  +  HaO. 

Nitrosyl  chloride  has  no  action  upon  gold  and  platinum,  but  it  attacks 

merciury  with  the  formation  of  mercurous  chloride  and  the  liberation  of  nitric 

oxide— 

2NOC1 + 2Hg = HgaCl, + 2NO. 


CHAPTER  VI 

THE   ATMOSPHERE 

The  atmosphere  is  the  name  applied  to  the  gaseous  mixture 
which  envelops  the  earth,  and  which  is  commonly  called  the  air. 
The  older  chemists  used  the  word  air  much  as  in  modem  times 
the  word  gas  is  employed ;  thus  they  spoke  of  inflanmiable  air, 
dephlogisticated  air,  alkaline  air,  and  so  on. 

The  air  consists  of  a  mixture  of  gases,  the  two  chief  ingredients 
being  nitrogen  and  oxygen.  Lavoisier  was  the  first  to  clearly 
prove  that  oxygen  was  a  constituent  of  the  air,  although  Robert 
Boyle  and  others  before  him  had  shown  that  air  was  absorbed  by 
metals  in  the  process  of  forming  a  calx,  and  that  the  metal  gained 
weight  as  the  calx  formed.  When  the  fact  that  the  air  was  com- 
posed of  oxygen  and  nitrogen  became  established,  various  de- 
vices were  adopted  to  determine  the  proportion  of  oxygen  in  it. 
Priestley's  method  was  by  means  of  nitric  oxide.  It  depended 
upon  the  fact  that  when  nitric  oxide  is  mixed  with  air  it  combines 
with  the  oxygen,  forming  brown  fumes  which  dissolve  in  the  water. 
A  contraction  in  volume  therefore  takes  place,  from  which  the 
volume  of  oxygen  may  be  calculated.  This  method  yielded  results 
which  seemed  to  show  that  there  was  considerable  variation  in  the 
proportion  of  oxygen  present  in  different  samples  of  air,  and  the 
idea  arose  that  the  wholesomeness  or  goodness  of  the  air  was 
dependent  upon  the  quantity  of  oxygen  which  it  contained.  Hence 
arose  the  term  eudiomeiryy  signifying  to  measure  the  goodness. 
Cavendish,  on  the  other  hand,  as  the  result  of  a  large  number  of 
experiments  made  by  him,  came  to  the  conclusion  that  there  was 
no  difference  in  the  samples  of  air  that  he  experimented  upon. 

Since  the  time  of  Cavendish,  eudiometric  analysis  has  been 

brought  to  a  state  of  great  perfection  and  accuracy  by  Bunsen, 

Regnault,  Frankland,  and  others.    The  conclusion  to  be  drawn 

from  the  extended  researches  of  these  chemists  is,  that  although 

the  atmosphere  certainly  shows  a  remarkable  uniformity  of  com- 

position,  there  do  exist  perceptible,  though  very  slight,  variations 
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It  of  oieygen  present  nl  differcnl  placpa  and  at  different 
I  of  air  collected  from  all  parts  of  the  ijlobc,  fi^m 


mid  ocean,  from  hi^h  mountain  peak,  Aitierican  prairie,  and 
romled  cities,  show  a  varialian  in  the  proporlirin  of  oxygen  ran^'- 
J  from  30.99  to  20,86.     Angus  5imilh  lias  shown  thai  in  fojjgy 
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weather  the  oxygen  in  the  air  in  towns  sometimes  &lls  as  low  as 
20.82.  Samples  of  air  taken  from  crowded  theatres  have  been 
found  to  contain  as  little  as  2o.28,.whi]e  in  many  mines  the  amount 
averages  as  low  as  20.26. 

The  mean  proportions  of  oxygen  and  nitrogen  in  the  atmosphere 
may  be  given  as — 

Oxygen 20.96  parts  by  volume. 

Nitrogen        ....     79.04       „  „ 

100.00 

The  composition  of  the  atmosphere  by  weight  was  determined 
by  Dumas  and  Boussingault  ( 1 841).  In  their  method,  air  which  was 
freed  from  carbon  dioxide  and  moisture  was  slowly  drawn  through 
a  glass  tube  containing  a  known  weight  of  metallic  copper,  heated 
to  redness.  The  oxygen  combined  with  the  copper,  forming  copper 
oxide,  which  was  afterwards  weighed,  and  the  nitrogen  passed  into 
a  vacuous  flask,  and  was  also  weighed.  The  apparatus  as  em- 
ployed by  Dumas  is  seen  in  Fig.  53.  B  is  a  glass  flask  having  a 
capacity  of  10  to  15  litres,  which  was  exhausted  and  then  weighed. 
It  was  then  attached,  Jfs  shown,  to  the  tube  T,  containing  a  known 
weight  of  metallic  copper,  and  which  was  also  exhausted.  The 
bulbs  L  contained  a  solution  of  potassium  hydroxide,  and  the  tubes 
/I  solid  potash,  for  the  removal  of  atmospheric  carbon  dioxide. 
The  bulbs  O  contained  strong  sulphuric  acid,  and  the  tubes  /  were 
filled  with  pumice  moistened  with  the  same  acid,  by  means  of 
which  the  moisture  was  withdrawn  from  the  air.  When  the  copper 
was  heated  and  the  cocks  partially  opened,  air,  free  from  carbon 
dioxide  and  moisture,  was  slowly  drawn  over  the  heated  metal, 
which  was  thereby  converted  into  the  oxide.  At  the  conclusion 
of  the  experiment  the  globe  and  the  tube  T  were  reweighed.  The 
nitrogen  remaining  in  tube  T  was  then  pumped  out  and  the  tube 
once  more  weighed.  The  difference  between  the  two  last  weigh- 
ings of  the  tube,  added  to  the  gain  in  weight  sufiered  by  the  globe, 
gave  the  nitrogen  ;  while  the  difference  between  the  original  and 
final  weights  of  the  tube  gave  the  increase  of  weight  suffered  by 
the  copper,  that  is,  the  amount  of  oxygen.  The  result  of  numerous 
experiments  gave  the  mean  composition — 

Oxygen 23  parts  by  weight. 

Nitrogen 11     ^.  „ 

100 
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A  more  modern  method  for  estimating  the  amounts  of  oxygen 
and  nitrogen  in  the  air,  based  upon  the  same  principle,  namely,  the 
absorption  of  the  oxygen  by  heated  metallic  copper,  is  illustraied 
iti  Fig.  54  (known  as  Jolly's  sppaiatus).  The  sample  of  air  to  be 
examined  is  allowed  to  enter  the  ^lau  globe  A  (whose  capacity  is 
about  looc.c,  and  which  has  been  previously  exhausted)  by  means 
of  the  three-way  cock  b.  (The  air  is  first  dried,  by  being  drawn 
through  tubes  filled  with  pumice  moistened  with  sulphuric  acid,  on 


its  way  into  the  apparatus.)  The  bulb  is  then  surrounded  by  the 
metal  jacket  B,  which  is  filled  with  broken  ice,  and  when  the  tem- 
perature has  fallen  to  o°  the  bulb  is  put  into  communication  with 
the  tube  d  by  means  of  the  three-way  cock.  The  tube  g  is  then 
raised  or  lowered,  so  as  to  bring  the  mercury  in  i^  to  a  fixed  point 
in  the  tube  at  m,  and  the  tension  of  the  enclosed  air  is  ascertained 
by  the  graduated  scale  behind  tube  g.  The  ice-jacket  is  then 
removed,  and  the  spiral  of  copper  wire  within  the  bulb  is  heated 
(o  redness  by  the  passage  through  it  o(  an  e\ftOAt  oirttW^    T\n 
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copper  combines  under  these  conditions  with  the  oxygen,  form- 
ing copper  oxide,  thereby  reducing  the  volume  of  the  contained 
gas.  The  globe  is  again  cooled,  and  the  tube  g  lowered  to  such 
a  position  that  when  communication  is  once  more  made  between 
the  globe  and  tube  dy  the  mercury  shall  stand  at  the  same  point  m. 
From  the  observed  tension  of  the  gas  before  and  after  the 
experiment,  the  volume  relations  of  the  two  constituents  can  be 
calculated.  Thus,  suppose  the  tension  of  the  enclosed  air  to  be 
720.25  mm.,  and  that  of  the  residual  nitrogen  569.28  mm.,  then  for 
1  volume  of  air  the  reduction  would  be — 


569.28 


=  .7904  vols. 


72a25 

Therefore  in  100  volumes  the  composition  would  be — 

Nitrogen*  =  79.04 
Oxygen     =  2a96 

100.00 

Besides  oxygen  and  nitrogen,  the  air  contains  variable  quantities 
of  the  following  gases :  aqueous  vapour,  carbon  dioxide,  argon, 
hydrogen,  ammonia,  ozone,  nitric  acid.  With  the  exception  of 
aqueous  vapour,  these  substances  are  present  only  in  relatively 
small  proportions,  and  with  some  of  them  the  amount  is  liable 
to  considerablo  variation.  Especially  is  this  the  case  with  the 
aqueous  vapour,  as  the  amount  of  this  constituent  present  at  any 
time  is  largely  influenced  by  the  temperature.  The  average  com- 
position of  normal  air  may  be  taken  as  follows  : — 

Vols,  per  looa 


Nitrogen 

769.5000 

Oxygen 

.     206.5940 

Aqueous  vapour   . 

14.0000 

Argon  t 

9.3700 

Carbon  dioxide 

0.3360 

Hydrogen 

0.1900 

Ammonia 

0.0080 

Ozone  . 

0.0015 

Nitric  acid    . 

0.0005 

1000.0000 

*  The  small  percentage  of  argoo  present  is  here  included  with  the  nitrc^en. 
t  The  other  four  gases  of  the  argon  group  taken  together  come  to  about 
aoia  parts  per  1000  (see  page  370). 
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Aqueous  Vapour. — For  any  given  temperature  there  is  a 
maximum  amount  of  aqueous  vapour  which  a  given  volume  of  air 
is  capable  of  taking  up  :  under  these  conditions  the  air  is  said  to 
be  saturated  with  moisture  at  the  particular  temperature.  Thus  i 
cubic  metre  of  air  is  saturated  with  moisture  at  the  various  tempe- 
ratures stated,  when  it  has  taken  up  the  following  weights  of 
water ; — 


At  0° 


» 


10" 


4.871  grammes. 
9.362 


» 


At  20" 


)) 


30' 


17.157  grammes. 
30095 


» 


When  air,  saturated  with  moisture  at  say  20*,  is  cooled  to  10', 
the  excess  of  water  beyond  9.362  (the  maximum  for  lo**)  is  deposited 
either  as  mist  or  rain.  The  temperature  at  which  air  thus  begins 
to  deposit  moisture  is  called  the  dew-point.  The  deposition  of 
moisture  from  the  air  caused  by  the  lowering  of  the  temperature 
is  a  matter  of  everyday  observation.  A  glass  vessel  containing 
iced  water  becomes  bedewed  with  moisture  upon  the  outside  as 
the  air  in  its  inmiediate  vicinity  is  cooled.  When  a  season  of 
severe  frost  is  suddenly  followed  by  a  warm  wind,  highly  charged 
with  aqueous  vapour,  it  is  not  unusual  to  see  condensed  moisture 
collecting  upon  and  streaming  down  the  cold  surface  of  walls. 
For  the  same  reason,  after  the  sun  has  set,  and  the  heat  from  the 
ground  has  radiated,  leaving  the  ground  colder  than  the  atmos- 
phere, the  temperature  of  the  air  is  lowered,  and  it  begins  to 
deposit  its  aqueous  vapour  in  the  form  of  dew. 

The  amount  of  aqueous  vapour  in  the  air,  or  the  humidity  of  the 
air,  is  estimated  by  meteorologists  by  means  of  an  instrument 
called  the  wet  and  dry  bulb  thermometer. 

Carbon  Dioxide. — The  proportion  of  this  gas  present  in  the 
air  is  also  liable  to  considerable  variation,  although  not  through 
such  a  wide  range  as  the  aqueous  vapour.  The  processes  of 
respiration,  combustion,  and  putrefaction  are  attended  by  the 
evolution  of  carbon  dioxide,  hence  the  amount  of  this  gas  present 
in  closed  inhabited  places  is  greater  than  that  in  the  open  air  ;  in 
badly  ventilated  and  crowded  rooms  the  proportion  sometimes 
rises  to  three  parts  in  1000  vols.  Frankland  has  found  that  at  high 
elevations  the  amount  of  carbon  dioxide  in  the  air  is  often,  although 
not  invariably,  considerably  above  the  normal. 

At  Chamounix  (3000  feet)  the  amount  of  carbon  dioxide  was  0.63  per  1000  vols. 
,.  Grands  Millets  (11,000  feet)     „  „  ,,     x.ii        ,,         „ 

„  Mont  Blanc  (15,733  feet)  „  „  „    a6i        „         „ 
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This  fact  is  probably  due  lo  the  absence,  in  these  high  ret{i<)ns, 
of  the  vegetation  whicli  is  one  of  the  chief  natural  causes  operating 
10  remove  atmospheric  carbonic  dioxide  (see  Oxygen,  page  iliS). 

The  amount  of  carbon  dioxide  \a  slightly  higher  during  the 
night,  and  often  rises  considerably  during  foggy  weather.  Thorpe 
has  shown  that  near  the  surface  of  the  sea  the  amount  of  carbon 
dioxide  in  the  air  is  slightly  less,  being  on  an  average  0.300  volume 
per  1000. 

Ammonia  in  the  atmosphere  is  derived  from  the  decomposition 
of  nitrogenous  organic  matter.     Although  present  in   relatively 
very  small  quantities,  it  varies  in  amount  very  considerably.     From_ 
the  experiraenls  of  .\nBua  Smith,  1000  grammes  of  air  from 
sources  were  found  to  contain  the  folloiving 


London 

.     0.05  grammf 

Glasgow      .        . 

-     0.06         „ 

Manchester. 

.     Q.\o 

The  proportion  of  ammonia  appears  to  be  higher  during  the" 
night  than  in  the  daytime,  and  immediately  after  heavy  rain  the 
amount  is  perceptibly  diminished. 

Rain-water  always  contains  ammonia,  although  the  amount 
varies  greatly  with  changing  atmospheric  and  'clii»atic  conditions. 
Lawes  and  Gilbett,  Angus  Smith,  and  others,  have  made  a  largp 
number  of  estimations  of  the  amount  of  ammonia  in  tain-waler  at 
various  places  and  seasons,  and  under  many  different  conditions. 

NltriO  Acid,  present  in  the  form  of  nitrates  and  nitrites,  is 
produced  in  the  atmosphere  by  the  direct  union  of  oxygen  and 
nitrogen  whenever  a  lightning  flash  passes  through  the  air  (see 
Nitric  Acid).  Rain  which  falls  during  or  immediately 
thiinderatorm  is  found  to  contain  niiraies  and  nitrites. 

These  two  nitrogenous  compounds,  ammonia  and  nitr 
although  present  only  in  such  smnll  proportion  in  the  atmosphi 
fulfil  a  most  important  function  in  the  economy  of  nal  ~ 

the  experiments  of  Lawesand  Gilbert,  and  others,  it  has 
that  most  plants  are  unable  to  draw  upon  the  free  nitrogen  of 
atmosphere  for  the  supply  of  that  element  which  they  require 
the  development  of  their  structure  and  fniit.*  Although  the; 
surrounded  by,  and  bathed  in,  nitrogen,  they  cannot  assimtta 
Plants  that  are  growing  in  unmanured  soil,  therefore,  derive 
;ans.  peai.  wtiicb 
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nitrogen  from  the  ammonia  and  nitric  acid  which  are  present  in 
the  air,  and  which  are  washed  into  the  ground  by  the  rain.  It  has 
been  found  that  a  plant  g^^wn  under  such  experimental  conditions, 
as  to  exclude  the  possibility  of  its  obtaining  supplies  of  these  nitro- 
genous compounds,  will  yield  upon  analysis  exactly  the  same 
amount  of  nitrogen  as  was  originally  contained  in  the  seed  from 
which  it  grew. 

Ozone. — The  causes  which  operate  in  the  formation  of  this  sub- 
stance in  the  air  are  at  present  imperfectly  known  ;  it  is  supposed 
that  its  occurrence  is  related  to  the  development  of  electricity  in 
the  atmosphere.  On  account  of  the  powerful  oxidising  character 
of  ozone,  its  presence  can  never  be  detected  in  the  air  where  much 
organic  matter  of  an  oxidisable  nature  is  present,  as  is  the  case  in 
the  air  of  such  places  as  malarial  swamps,  dwelling-houses,  and 
large  towns. 

The  amount  of  ozone  in  pure  country  air  has  been  found  to  var>' 
with  the  time  of  year,  reaching  a  maximum  in  the  spring-time,  and 
gradually  falling  towards  winter.  Thorpe  has  found  that  in  sea 
air  the  amount  of  ozone  is  practically  constant  during  all  seasons. 

The  usual  method  which  is  available  for  the  detection  and 
estimation  of  ozone  in  the  air  is  extremely  crude.  It  consists  in 
exposing  ozone  test  papers  (sec  Ozone)  to  the  air  for  a  certain  time, 
and  comparing  the  colour  that  is  produced  with  a  standard  scale 
of  tints  ;  moreover,  other  substances  than  ozone,  which  may  be 
present  in  the  atmosphere,  will  also  liberate  iodine  from  potassium 
iodide,  and  these  are  therefore  measured  as  ozone.  Besides  the 
higher  oxides  of  nitrogen,  which,  as  we  have  seen,  are  formed  in  the 
atmosphere,  and  which  liberate  iodine  from  potassium  iodide,  it  has 
been  shown  that  peroxide  of  hydrogen  is  also  present.  The  state  of 
our  knowledge  at  present,  therefore,  respecting  the  exact  amount  of 
atmospheric  ozone  and  its  variation  is  far  from  satisfactory  ;  it  is, 
indeed,  quite  possible  that  many  of  the  effects  which  have  been  attri- 
buted to  ozone  are  in  reality  due  to  peroxide  of  hydrogen.  Thus  it 
has  been  shown  by  Schdnbein  that  this  compound  is  formed  during 
the  evaporation  of  water,  and  this  statement  probably  derives  con- 
firmation from  the  fact  that  its  presence  may  be  detected  in  rain- 
water. The  salubrity  of  the  air  of  the  sea-shore,  where  large  areas 
of  wet  sand  and  stones  offer  the  most  perfect  conditions  for  the 
rapid  evaporation  of  water,  and  consequently,  for  the  formation  of 
peroxide  of  hydrogen,  may  therefore  be  attributable  as  much  to  the 
presence  of  this  substance  as  to  the  proverbial  ozone. 
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Hydrogen.— The  presence  of  iliis  ^a&  in  scnailile  quantities  U 
a  ronstitueni  of  normal  air  appears  to  have  escaped  nolke  until 
i|mte  refcnliy.  Wlien  a  quanlUy  of  liquefied  air  is  subjected  to 
fractional  dislillalion,  ilie  first  and  most  volatile  portion  which 
collects  is  found  to  be  very  rich  in  hydrogen.* 

The  ciaboraie  researches  of  Gaulier  t  show  also  that  this  hydro- 
gen is  not  only  present  in  the  air  of  towns,  but  that  it  is  a  con- 
stituent of  country  air,  air  from  higli  mountain  regions,  and  of  sea 
air  i  and  he  estimates  the  average  proportion  as  about  2  *olumes 
in  10,000  volumes  of  air,  or  roughly,  about  two-thirds  that  of  the 
carbon  dioxide.  The  chief  sources  of  this  hydrogen  a 
on  page  171. 

The  various  gases  of  '.vhich  the  air  is  composed  a 
bined,  but  are  merely  mingled  together.  The  remarkable  t 
stancy  of  its  composition,  as  regards  the  oxygen  and  nitrogen,  M 
chemists  ai  one  time  to  suppose  that  these  gases  were  in  chemid 
union  with  each  other  in  the  atmosphere  ;  but  a  number  of  b 
which  have  since  been  learnt  respecting  these  gases  prove  wi(h^~ 
out  doubt  that  this  is  not  the  case,  and  that  the  air  is  simply  a 
mechanical  Mixture.  This  evidence  may  be  briefly  summed  up 
as  follows  ;— 

(1.)  When  oxygen  and  nitrogen  are  mixed  together  in  the  pro- 
portion in  which  they  occur  in  air,  the  resulting  mixture  behaves 
in  al!  respects  like  ordinary  air,  and  the  mixing  of  the  gases  is  not 
attended  by  any  volumetric  or  thermal  disturbance,  such  as  would 
be  expected  to  accompany  the  chemical  union  of  two  elements. 

(2.)  The  degree  to  which  air  is  capable  of  refracting  light  is 
found  to  be  the  mean  of  the  refractive  power  of  oxygen  and 
nitrogen.     Were  these  gases  chemically  conibined,  the  compound 
should  behave  in  this  respect  as  other  compound  gases,  where  jl^' 
is  found  that  the  refractive  index  is  always  either  greater  o 
than  the  mean  of  that  of  the  constituents, 

{3.)  According  to  a  fundamental  law  of  chemical  science,  t 
composition  of  a  chemical  compound  is  constant.  Such  a  thing  m 
variability  in  the  composition  of  a  compound  is  unknt 
proportion  of  oxygen  and  nitrogen,  as  we  have  seen,  does  vary  || 
the  air,  although  through  only  small  limits,  hence  they  cannot!] 
tmiied  to  form  a  compound. 

(4.)  The  proportion  by  weight  in  which  oxygen  and  nitrogen  a 

•  Df  war.  Nalart,  December  ao,  looo. 

t  G»ulicr,  Annala  de  Ckimit  it  di  Phyiiqui.  January  15 
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present  in  air  bears  no  simple  relation  to  the  atomic  weights  of 
these  elements. 

(5.)  When  air  is  dissolved  in  water,  the  oxygen  and  nitrogen 
dissolve  as  from  a  simple  mixture  of  these  gases,  in  accordance  to 
the  law  of  partial  pressures  (see  page  147). 

(6.)  The  oxygen  and  nitrogen  can  be  partially  separated,  by 
takmg  advantage  of  the  different  rates  of  diffusion  of  these  two 
gases  (see  Diffusion  of  Gases,  page  83). 

The  various  gases  of  the  atmosphere  are  maintained  in  a  state 
of  uniform  admixture,  in  spite  of  their  widely  different  densities, 
by  the  operation  of  two  causes  :  first,  air  currents,  which  effect  the 
rapid  removal  of  large  masses  of  air  from  place  to  place ;  and, 
second,  their  own  molecular  movements,  which  bring  about  the 
phenomena  of  gaseous  diffusion. 

Suspended  Impurities  in  the  Atmosphere.— Besides  the 

gaseous  constituents  of  the  air,  there  is  always  present  a  certain 
quantity  of  suspended  matter,  both  liquid  and  solid.  The  exist- 
ence of  this  suspended  matter  in  the  air  can  be  rendered  evident 
from  the  fact  that  these  minute  particles  are  capable  of  reflecting 
light ;  if,  therefore,  a  strong  beam  of  light  be  passed  through  a 
darkened  room,  the  track  of  the  beam  is  distinctly  visible,  on 
account  of  its  being  reflected  from  innumerable  particles  floating 
about  in  the  air,  many  of  them  appearing  quite  large.  Pasteur  ha» 
shown  that  this  suspended  matter  can  be  removed  by  filtration 
^  through  cotton  wool.*  Tyndall  also  has  shown  that  in  undis- 
^^turbed  air  the  suspended  matter  settles  in  the  course  of  a  few 
hours,  leaving  the  air  almost  entirely  free  from  this  impurity. 
For  this  purpose  the  floor  of  a  large  oblong  glass  box  was 
smeared  over  with  glycerine.  The  box,  after  being  hermetically 
closed,  was  then  allowed  to  stand  for  twenty-four  hours,  during 
which  time  the  suspended  matter  subsided  and  adhered  to  the 
glycerine.  When  a  beam  of  light  is  allowed  to  pass  through  air 
that  has  been  thus  freed  from  suspended  matter,  there  being 
nothing  present  to  reflect  the  light,  the  beam  cannot  be  seen  ; 
its  track  will  be  evident  in  the  air  of  the  room  as  it  enters  and 
leaves  the  box,  but  within  the  box  it  will  be  invisible  (as  repre- 
sented in  Fig.  55).  To  air  in  which  a  beam  of  light  is  in  this  way 
invisible,  Tyndall  has  applied  the  term  "optically  pure.** 

The  suspended  matters  are  partly  mineral  and  partly  organic. 
Of  the  mineral  matters,  sodium  chloride  and  certain  sulphates 

*  Sec  Experiments  334  to  341,  "  Chemical  Lecture  Expwvmwvur  'wew  ^^ 
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are  present  in  greatest  quantify.  These  are  thrown  into  the  air 
in  ihe  sea-spray,  and  as  the  small  globules  of  water  evaporate 
they  leave  minute  residual  particles  of  saline  matter,  which, 
being  driven  by  the  wind,  remain  floating  in  the  atmosphere  It 
is  only  vcr)-  rarely,  even  at  fer  inland  places  in  Europe,  that  spec- 
troscopic examinalion  fails  lo  detect  the  presence  of  sodium  com- 
pounds iu  Ihe  air.  In  the  air  of  islands,  such  as  England,  it  is 
never  al>sent.  Sulphates  are  also  produced  by  the  oxidation  and 
combustion  of  sulphuretted  compounds  ;  the  amounl  of  these,  there- 
fore, is  greatly  increased  in  Ihe  neighbourhood  of  towns. 

The  organic  suspended  matter  of  the  air  has  of  late  years  been 
made  the  subject  of  extended  research.  Pasteur  has  shown  that 
aniongsl  these  organic  substances  are  the  germs  and  organisms 
which  produce  femienlation,  putrefaction,  and  disease.     Putrescible 


Tig.  55- 
substances,  such  as  milk,  urine,  flesli,  &c.,  if  themselves  carefully 
freed  from  all  such  germs,  may  be  preserved  unchanged,  for  ap- 
parently any  length  of  time,  in  air  that  has  been  deprived  of  all 
suspended  matter.  It  is  highly  probable  that  the  salubrity  or 
otherwise  of  different  places  is  associated  with  the  nature  and 
amount  of  the  organic  matter  in  the  air,  and  it  is  certain  that 
these  organisms  play  a  most  important  part  in  relation  to  the  life 
and  health  of  man.  The  feelings  of  lassitude  and  headache,  which 
result  from  the  prolonged  breathing  of  the  air  of  rooms  containing 
many  people,  are  brought  about  more  by  the  poisonous  effects  of 
the  organic  emanations  evolved  during  respiration  than  by  any 
diminution  in  the  supply  of  oxygen,  or  increase  in  the  proportion 
of  carbon  dioxide  in  the  air.  The  well-known  and  unpleasant 
smell  that  is  perceived  on  first  entering  a  crowded  room  is  also 
due  to  the  same  cause,  and  it  has  been  shown  that  the  moisture 
which  condenses  from  such  an  atmosphere  upon  a  cold  object,  if 
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preserved  for  a  short  time,  rapidly  becomes  putrescent,  owing*  to 
the  decomposition  of  this  organic  matter. 

.  The  presence  of  suspended  matter  in  the  air  appears  to  exert  a 
remarkable  influence  upon  the  formation  and  character  of  fogs. 
Aitkin  has  shown  that  those  conditions  which  result  in  the  forma- 
tion of  a  fog  in  ordinary  air  are  incapable  of  producing*  that  effect 
in  air  that  has  been  freed  from  suspended  matter.  It  would  appear 
that  the  suspended  particles  act  as  innumerable  points,  or  nuclei, 
which  facilitate  the  deposition  of  moisture,  much  in  the  same  way 
as  the  crystallisation  of  a  salt,  from  its  solution,  is  known  to  start 
from  any  minute  particles  of  foreign  matter  that  may  be  floating  in 
the  liquid. 

The  height  to  which  the  atmosphere  extends  has  been  variously 
estimated.  From  observation  of  the  flight  of  meteorites,  it  ap- 
pears that  even  at  a  height  of  seventy  to  seventy-five  miles  the 
air  still  has  a  sensible  degree  of  density.  The  air  being  elastic, 
and  subject  to  the  law  of  gravitation,  its  density,  which  is  greatest 
at  the  earth's  surface,  rapidly  diminishes  as  the  altitude  increases  ; 
thus,  at  about  three  and  a  half  miles  the  density  is  only  one-half, 
and  at  seven  miles  one-third,  of  that  which  obtains  at  the  sea-level. 
From  a  consideration  of  the  physical  properties  of  gases,  there  is 
every  reason  to  believe  that  in  an  extremely  attenuated  condition 
the  atmosphere  extends  £&r  into  space,  and  it  has  been  calculated 
that  the  pressure  exerted  by  our  atmosphere  upon  the  surfoce  of 
the  moon  is  equal  to  about  i  mm.  of  mercury. 

The  density  of  the  atmosphere  varies  at  different  points  of  the 
earth's  sur&ce,  and  at  the  same  point  at  different  times.  The 
pressure  exerted  by  the  atmosphere  is  measured  by  the  height 
of  a  column  of  mercury  which  it  is  capable  of  supporting,  the 
instrument  eniployed  for  the  purpose  being  called  the  barometer. 
At  the  sea-level  in  the  latitude  of  London,  the  average  weight  of 
the  atmosphere  is  equal  to  that  of  a  column  of  mercury  760  mm. 
at  o**,  and  this  is  taken  as  the  standard  pressure  of  the  atmos^ 
pkere, 

THE  ARGON  GROUP  OF  ATMOSPHERIC  GASES 

History. — More  than  a  hundred  years  ago  Cavendish  observed 
that  when  a  mixture  of  nitrogen  {phtogisticated  air)  and  oxygen 
{dephtogisticated  air),  was  confined  in  a  glass  tube  over  mercury 
along  with  a  solution  of  caustic  potash,  and  the  gases  exposed  to 
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the  continued  action  of  electric  sparks,  Ihere  was  a  small  residue 
of  gas  (amounting  to  about  -rfn'^i  of  the  volume  of  the  nitrogen) 
which  was  not  absorbed,  and  be  raised  the  question  as  lo  whetber 
the"ph!ogisticaIed  air"  of  our  atmosphere  is  entirely  of  one  kind.* 

This  observation  and  speculation  of  Cavendish's  remained  buried 
until  1894,  when  Lord  Rayleigh  and  Professor  Ramsay  announced 
to  the  world  the  discovery  of  a  new  gaseous  constituent  of  the 
atmosphere. 

In  making'  exact  determinations  of  the  densities  of  gases,  Lord'l 
Rayleigh  found  that  nitrogen  obtained  from  atmospher 
always  gave  a  slightly  higher  number  than  that  obtained  (or 
nitrogen  which  was  prepared  from  chemical  compounds, 
careful  investigation,  in  conjunction  with  Professor  Ramsay,  it 
found  that  this  higher  density  of  "atmospheric  nitrogen"  was 
to  the  presence  in  the  air  of  a  hitherto  unknown  gas,  which  they 
succeeded  in  isolating,  and  to  which  they  gave  the  name  ArgoBl 
Ct894)- 

In  the  following  year,  in  searching  for  probable  sources  of  I 
argon,  Ramsay  was  led  to  examine  the  gas  which  was  known  to 
be  occluded  in  certain  minerals,  notably  in  the  rare  minerals 
clh'eiiea.aAtrSggfrite.  This  gas,  which  had  hitherto  been  regarded 
as  nitrogen,  was  found  to  give  a  spectrum  the  most  characteristic 
line  of  which  was  a  remarkably  brilliant  one  in  the  yellow.  The 
position  of  this  yellow  line  proved  to  be  coincident  witi)  the 
line  Dj  of  the  solar  spectrum,  which  is  the  characteristic  line  of  a 
hitherto  unknown  solar  element  first  observed  by  M.  Janssen  of 
Paris  in  1868,  the  spectrum  of  which  was  studied  by  Frankland 
and  Lockyer,  who  applied  the  name  "helium"  ("the  sun")  10  the 
element.  Subsequently  Ramsay  has  shown  that  helium  is  present 
in  the  atmosphere,  although  in  much  smaller  quantities  than  argon. 

In  the  year  i8g8  the  discoverer  of  argon  announced  to  the  Royal 
Society  the  discovery  of  two  other  gases  which  were  associated 
with  argon,  to  which  he  gave  the  names  neon  ("the  new  one") 
and  krypton  ("  the  hidden  one  "),  and  subsequently  he  discovere "  ~ 
still  another  and  denser  gas,  which  has  been  called  xenon  ("thftj 
stranger").     The  five  gases,  therefore,  belonging  to  this  group,  i 
the  order  of  their  densities,  are  ;  h'elium,  1.98  ;  neon 
19.96 ;  kr^-pton,  4a78  ;  xenon,  64.0. 

Not  only  are  these  five  new  gases  elementary  substajices,  1 
Ihty  possess  many  properties  in  common.    They  all  a 

•  "Eiperinieau  on  Air,"  Phil.  Tram.,  75.  37a,  1785. 
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inert  elements,  having  apparently  no  chemical  activities  whatever. 
No  compounds  are  known  in  which  any  one  of  them  exists  as  a 
chemical  constituent,  and  they  have  resisted  all  attempts  to  cause 
them  to  enter  into  chemical  combination  with  any  other  element. 
Hence  there  is  at  present  no  cAemtstry  of  these  strange  substances. 
This  being  the  case,  the  only  light  which  can  be  thrown  upon  the 
complexity  of  the  molecules  of  these  elements  is  by  the  determina- 
tion of  the  ratio  of  their  specific  heats  at  constant  pressure  and  at 
constant  volume,  deduced  from  determinations  of  the  wave-length 
of  sound.  This  ratio  is  found  to  be  1.66,  which  is  the  same  as  that 
obtaining  in  the  case  of  mercury  vapour,  the  only  other  monatomic 
gas  in  which  this  ratio  has  been  determined  ;  whereas  with  diatomic 
gases,  such  as  hydrogen,  nitrogen,  and  oxygen,  the  ratio  is  1.4. 

ABOON. 

Symbol,  A.     Density,  19.96.     Atomic  weight,  39.93.* 

Occurrenee* — Argon  is  present  in  the  atmosphere,  where  it 
exists  to  the  extent  of  0.937  pcr  cent.,  or  rather  more  than  i  per 
cent,  of  the  "atmospheric  nitrogen^  is  argon.  It  is  also  found  in 
the  occluded  gases  of  certain  specimens  of  meteoric  iron,  and  in 
minut«  quantities  in  almost  all  natural  waters,  derived  doubtless 
by  solution  from  the  atmosphere.  Argon  has  not  been  met  with 
in  chemical  combination  with  other  elements,  and  no  compounds 
containing  this  element  are  known. 

Modes  of  Preparation. — (i.)  Argon  may  be  obtained  from  the 
atmosphere  by  sparking  a  mixture  of  air  and  oxygen.  The  nitrogen 
combines  with  the  oxygen,  and  the  oxidised  product  is  absorbed 
by  potash.  When  no  further  contraction  of  volume  is  obtained, 
the  excess  of  oxygen  is  removed  by  alkaline  pyrogallate,  and  the 
residual  gas  is  the  argon.  Unless  a  high-tension  alternating 
electric  discharge  is  employed  the  process  is  extremely  slow. 

(2.)  Argon  may  also  be  separated  from  the  other  atmospheric 
gases  by  first  withdrawing  the  oxygen  by  means  of  red-hot  copper, 
and  after  removing  the  carbon  dioxide  and  aqueous  vapour,  passing 
the  remaining  gas  over  strongly  heated  magnesium  turnings.  The 
magnesium  combines  with  the  nitrogen  (p.  232)'  and  leaves  the 
argon.  In  order  to  effect  the  complete  absorption  of  every  trace 
of  nitrogen,  the  gas  is  passed  backwards  and  forwards  over  the 
heated  magnesium  for  many  hours. 

Recently  it  has  been  found  that  the  metal  calcium  is  a  more 
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efficient  agent  for  the  absorption  of  nitrogen.  If,  therefore,  the 
"  atmospheric  nitrogen  "  be  passed  over  a  heated  mixture  of  mag- 
nesium filings  and  pure  dry  lime  the  magpiesium  and  lime  interact, 
forming  magnesia  and  calcium,  which  latter  absorbs  the  nitrogen 
very  rapidly  and  at  a  lower  temperature  than  that  required  by 
metallic  magnesium. 

The  purification  of  the  argon  thus  obtained,  and  its  complete 
separation  from  the  other  gases  with  which  it  is  associated,  was  a 
problem  which  was  only  solved  as  a  result  of  the  later  achievements 
by  Dewar  of  obtaining  liquid  hydrogen  in  quantity.  By  means  of 
the  intense  cold  obtainable  by  liquid  hydrogen,  comparatively 
large  quantities  of  argon  were  liquefied,  and  the  liquid  so  obtained 
was  then  submitted  to  a  process  of  fractional  distillation.  The 
liquid  gases  having  the  lowest  boiling-points,  namely  helium  and 
neon,  are  the  first  to  evaporate,  and  by  careful  adjustment  of  the 
temperature  of  the  refrigerating  bath  the  denser  gases,  krypton 
and  xenon,  may  be  maintained  even  in  the  solidified  state,  while  the 
whole  of  the  argon  in  a  state  of  practical  purity  can  be  distilled  aWay. 

Properties.— Argon  is  remarkable  for  its  extraordinary  inert- 
ness, a  property  which  is  indicated  by  its  name,  argon  signifying 
"  inactive."  As  already  mentioned,  it  has  hitherto  resisted  all 
attempts  to  cause  it  to  unite  chemically  with  any  other  element. 
The  density  of  the  gas  is  19.96,  and  therefore  its  molecular  weight 
is  39.92  ;  and  since  argon  is  a  monatomic  element,  its  atomic 
weight  and  its  molecular  weight  are  the  same. 

Argon  is  about  two  and  a  half  times  as  soluble  in  water  as  nitro- 
gen, 100  volumes  of  water  at  15*  dissolving  4.1  volumes  of  argon. 
Owing  to  this  superior  solubility,  the  gases  which  are  expelled 
from  rain-water  by  boiling  are  slightly  richer  in  argon  than  the 
original  air  before  solution.  The  critical  temperature  of  argon  is 
—  1 17.4',  at  which  temperature  the  gas  is  liquefied  by  a  pressure  of 
about  fifty- three  atmospheres  (or  4a20  metres  of  mercury).  Liquid 
argon  has  a  specific  gravity  of  1.2 12,  and  boils  at  -  i86.r.  The 
boiling-point  of  argon,  therefore,  lies  between  those  of  the  two  chief 
constituents  of  the  atmosphere,  namely,  oxygen  and  nitrogen,  while 
its  critical  temperature  is  slightly  above  that  of  oxygen,  as  may  be 
seen  by  the  following  comparison  : — 

Boiling-point.         Critical  Temperature. 

Oxygen   ....     -182.5*  -Ii8.8' 

Argon     ....     -186.1°  -117-4'' 

Nitrogen         ...     - 195.5*  ~  ^49" 
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A  very  slight  reduction  of  temperature  below  its  boiling-point  is 
sufficient  to  freeze  argon  to  a  white  solid,  the  melting-point  of 
which  is  -  187.9* ;  that  is,  less  than  two  degrees  below  the  boiling- 
point.  The  spectrum  of  argon  is  very  complex.  The  most  cha- 
racteristic lines  are  two  in  the  red  (less  refrangible  than  the  red 
lines  of  either  hydrogen  or  lithium),  a  bright  yellow  line  (more 
refrangible  than  the  sodium  line),  a  group  of  bright  green  lines, 
and  another  group  of  strong  lines  in  the  violet.  The  general  cha- 
racter of  the  spectrum  depends  upon  the  nature  of  the  electric 
discharge  employed.  With  an  intermittent  discharge  the  lines  in 
the  red  and  pale  green  are  the  most  prominent,  while  with  a 
Leyden-jar  discharge  the  red  and  light  green  lines  almost  entirely 
disappear,  giving  place  to  lines  in  the  dark  green,  blue,  and  violet. 

HELnm. 

Symbol,  He.     Density,  1.98.     Atomic  weight,  3.96. 

Occurrence.— The  existence  of  this  element  in  the  universe 
may  be  said  to  have  been  first  discovered  by  Janssen,  who  during 
a  solar  eclipse  in  1868  observed  a  certain  line  in  the  yellow  of  the 
spectrum  of  the  sun's  chromosphere  which  was  not  coincident  with 
that  of  any  known  terrestrial  element.  This  unknown  element 
was  afterwards  named  helium  by  Frankland  and  Lockyer. 

Terrestrial  helium  was  discovered  by  Ramsay  in  1 895,  in  the  gas 
which  is  contained  in  certain  rare  minerals,  and  which  is  evolved 
from  them  either  when  they  are  heated  or  when  they  are  treated 
with  dilute  sulphuric  acid.  Chief  among  these  minerals  are 
cl^veite,  broggerite,  and  uraninite,  all  of  them  minerals  containing 
the  metal  uranium.* 

Helium  is  present  in  minute  quantities  in  the  atmosphere, 
namely,  to  the  extent  of  about  i  or  2  volumes  in  1,000,000  volumes 
of  air,  as  estimated  by  its  discoverer. 

Helium  also  occurs  in  certain  natural  waters,  notably-  in  the 
water  from  the  Bath  springs,  which  has  been  found  to  contain 
argon  mixed  with  about  8  per  cent,  of  its  volume  of  helium. 

Method  of  Preparation.— Helium  is  isolated  from  the  atmos- 
phere by  a  method  consisting  firstly  of  what  may  be  described  as 
fractional  liquefaction^  followed  by  fractional  evaporation  or  distilla- 
tion.   When  air  is  liquefied  by  the  so-called  self-cooling  or  recupe- 

*  The  amount  of  helium  contained  in  z  gramme  of  cl^veite  is  about  3.2  c.c 
(Ramsay),  only  about  one  half  of  which  is  given  off  by  heat  alone. 
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:   method  in   any  of  the  modem   air-liqueficrs  based   upon 
Linde's  original  apparatus  (see  page  77),  those  portions  of  the  aJr 
which  escape   liquefaction    and   pass   out   of  the  apparatus 
obviously  contain  most  of  the  constituents  having  ihe  lowest  boil- 
tru-points.     Tliercfiare,  by  collecting  the  gas  which  escapes  from 
the  air'liquefier  under  these  circumstances,  and  compressirig  it  into 
a  vessel  cooled  by  liquid  air,  a  liquid  is  obtained  which  contains 
most  of  the  more  volatile  constituents  {namely,  the  helium  and 
neon),  with,  of  course,  argon  and  some  nitrogen.     Thus,  by  this 
process  of  fractional  liquefaction  liquid   air  is  divided   into  two 
fractions,  one  containing  practically  all  the  denser  and  least  vo1»-    I 
tile  constituents,  namely,  the  krj'plon  and  xenon,  the  other  coD- 1 
laining  the  helium  and  neon.  I 

The  separation  of  the  gases  contained  in  the  more  volatile  1 
fraction  is  accomplished  by  fractional  distillation  or  evaporation.  I 
At  ihe  low  temperature  obtainable  by  means  of  liquid  hydrogen  I 
DOth  argon  and  neon  exert  no  vapour- pressure,  being  reduced  ID.i 
the  state  of  non-volatile  solids,  and  the  helium  in  a  state  of  purity  ] 
can  be  pumped  away  from  Ihe  mixture.  1 

PFOpertlflSi^Ncxt  to  hydrogen,  helium  t%  the  lightest  knownil 
gas.  its  density  being  1. 98.  Like  all  the  Other  gases  of  this  group  I 
its  molecules  are  monatomic,  its  atomic  and  molecular  weigbtv 
therefore  is  3.96.  Keliuui  is  much  less  soluble  in  water  than-l 
argon.  The  solubility  of  this  gas  in  water  forms  an  exception  td;J 
the  usual  behaviour  of  gases,  for  it  Ikis  been  found  that  while  its-a 
solubflity  diminishes  with  rise  of  temperature  up  to  about  25*)fl 
between  25'  and  50*  the  solubility  slightly  increases,  as  is  showijfl 
by  the  foilcwing  table.*  ■ 

100  volumes  of  water  at  760  mm.  dissolve—  H 

o'  lo"  »■  JO-  ,D-  so"  ■ 

0.01500       0.01443       0,01386       aoisSii       0.01387       o.oi^ai  vols.    M 

When  induction  sparks  are  passed  through  rarelied  helium,  the  g«fl| 
emits  a  brilliant  yellow  light  with  a  tinge  of  apricot  colour.  WheAS 
viewed  through  the  spectroscope  the  most  prominent  and  charac^ 
terislic  line  is  the  intense  yellow  line  Dj,  which  is  accompanied  byfl 
one  bright  red  line,  two  in  the  green,  and  two  in  the  blue.  Oa  1 
reducing  the  pressure  in  the  tube,  the  yellow  light  due  to  line  Dj  1 
gradually  changes  to  a  green,  owing  to  the  light  from  one  of  lUH 
green  lines  becoming  greatly  intensified.  J| 

*  Eslreicher.  "  Z.  Phys.  Ch.,"  31.  176.  ^| 
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Helium  was  first  liquefied  by  Dewar  (May  1898)  by  the  use  of 
boiling  liquid  hydrogen  as  a  refrigerant ;  but  the  exact  boiling- 
point  of  the  liquefied  helium  has  not  yet  been  determined  (1902), 
although  it  is  believed  to  be  not  very  far  removed  from  that  of 
hydrogen.  , 

Like  all  the  other  gases  of  this  gro  ip,  helium  is  chemically 
inactive. 

NEON. 

Symbol,  Ne.     Density =9. 96.    Atomic  weight =19.92. 

History. — From  analogy  with  other  natural  families  of  elements 
aild  the  numerical  relations  of  the  atomic  weights  of  the  different 
members,  the  discoverer  of  argon  and  helium  was  led  to  believe 
that  another  element  should  exist  having  an  atomic  weight  between 
those  of  these  two  elements,  and  about  sixteen  units  higher  than 
that  of  helium.  The  long  and  careful  search  for  this  imknown 
element  was  at  last  rewarded  by  the  discovery  of  neon,  whose 
atomic  weight  was  found  to  be  19.92,  or  exactly  sixteen  units  above 
that  of  helium. 

Although  only  present  in  minute  quantities  in  the  atmosphere, 
the  discoverer  estimates  the  amount  as  about  ten  times  that  of 
helium  ;  that  is  to  say,  i  or  2  parts  of  neon  in  100,000  parts  of  air. 

Neon  is  more  readily  liquefied  than  helium,  but  no  exact  deter- 
mination of  its  boiling-point  has  yet  been  made. 

The  colour  emitted  by  this  gas  when  induction  sparks  are  passed 

•  through  it  is  a  brilliant  orange-pink.     Its  spectrum  is  characterised 

by  a  bright  yellow  line,  D5,  and  a  great  cluster  of  lines  in  the  more 

orange  part  of  the  red  end.     It  also  exhibits  other  fainter  lines 

throughout  the  spectrum. 

KB7PT0N  AND   XENON. 

Krypton,  symbol  Kr.     Density =40. 78.     Atomic  weight=  81.56. 
Xenon  ,,       X.  ,,     =64.a  ,,  ,,      =128.0. 

These  two  denser  gases  are  obtained  by  the  fractional  distillation 
of  the  heavier  portion  of  liquid  air  obtained  in  the  air-liquefier 
(see  Helium).  Large  quantities  of  this  liquid,  amounting  to  30 
litres,  were  carefully  evaporated,  and  the  residual  portion,  after 
being  entirely  freed  from  nitrogen  and  oxygen,  was  again  liquefied 
by  means  of  liquid  air.  The  constituents  of  this  liquid  were  then 
separated  by  fractionation.    As  soon  as  most  of  the  argon  was 
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removed,  the  residue  consisting  of  krypton  and  xenon  was  easily 
solidified.  Under  these  circumstances  it  was  found  that  the  krypton 
could  be  withdrawn  by  pumping,  for  at  the  temperature  of  liquid 
air  solid  krypton  is  appreciably  volatile,  while  the  solidified  xenon 
is  practically  non-volatile.  In  the  estimation  of  the  discoverer,  air 
contains  only  about  one  part  of  krypton  in  one  million  parts ; 
while  of  xenon  the  proportion  is  about  one  part  in  twenty  millions. 
The  boiling  and  melting  points  of  krypton  are  —  1 5 1.7°  and  — 169"  re- 
spectively, while  those  of  xenon  were  found  to  be  —  109.  i""  and  — 140*, 

The  light  emitted  by  krypton,  under  the  influence  of  the  induc- 
tion spark,  is  a  yellowish-green  colour,  while  that  given  by  xenon 
under  the  same  circumstances  is  more  of  a  sky-blue. 

The  most  prominent  lines  in  the  spectrum  of  krypton  ai^  two 
very  near  together  in  the  red,  one  bright  yellow  line  and  one  strong 
green  line ;  besides  which  there  are  a  few  in  the  blue  and  violet. 
The  brilliant  green  line  (wave  length,  5570.5)  has  attracted  special 
notice,  as  it  is  considered  highly  probable  that  this  line  may  prove 
to  be  coincident  with  the  chief  line  in  the  aurora  spectrum. 

The  spectrum  of  xenon,  like  that  of  argon,  is  markedly  different 
as  the  electric  discharge  is  modified.  With  the  intermittent  dis- 
charge the  prominent  lines  are  four  in  the  red  end,  and  a  number 
of  strong  lines  in  the  blue  and  greenish -blue.  With  the  "jar" 
discharge  the  red  and  biue  lines  become  very  reduced  or  alto- 
gether disappear,  and  their  place  is  taken  by  a  number  of  lines  in 
the  bright  green. 

The  relative  proportion  in  which  these  gases  are  believed  to  be 
present  in  the  atmosphere  has  been  estimated  provisionally  by  the 
discoverer  as  follows  : — 

Helium,    i  to  2  parts  per    1,000,000  of  air. 
Neon,  „        „         ,,         100,000     „ 

Argon,     0.937  part      „  100      „ 

Krypton,  i  „        „      1,000,000     „ 

Xenon,     i  „         „   20,000,000      „ 

Or,  expressed  in  parts  per  1000,  to  compare  more  readily  with 
the  figures  in  the  table  on  page  256  : — 

Argon 9.37 

Neon  .        .        .  0.01 

Helium        ....  0.001 

Krypton       ....  0.001 

Xenon aoooo5 
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The  following  table  (Ramsay)  gives  the  latest  physical  constants 
for  the  members  of  this  strange  group  of  new  elements. 


Helium 
Neon  . 
Argon . 
Krypton 
Xenon 


Den- 
sity. 

Atomic 
Weight. 

1.98 

3-96 

9.96 

19.9a 

19.96 

39.92 

40.78 

81.56 

64.0 

laS.o 

Melting- 
point. 

Critical 
Temp. 

•  •  • 

•  •  • 

•  •  • 

-187.9' 

•  •  • 

-117.4' 

-169' 

-  6a.5- 

-140' 

+   14-75'' 

CriUcal 
Pressure. 


I 


5a.  9  Ats. 

54-2    .. 
S7.a   „ 


The  members  of  this  group,  while  exhibiting  many  close  re- 
semblances, such  as  the  monatomic  nature  of  their  molecules, 
their  remarkable  inertness,  &c,  show  also  that  gradation  of  pro- 
perties which  is  met  with  in  other  natural  groups  of  elements. 
This  appears  by  the  results  tabulated  above,  as  well  as  by  such 
other  properties  as  the  refractive  indices,  atomic  volumes,  &c. 


CHAPTER   VII 

COMPOUNDS  OF  NITROGEN  AND  HYDROGEN 

Three  compounds  of  nitrogen  with  hydrogen  have  been  pre- 
pared, namely : — 

Ammonia NH3. 

Hydrazine N,H4  or  (NH,)^. 

Hydrazoic  acid      ....     N3H  or  HN3. 

AMMONIA. 

Formula,  NHs.     Molecular  weight =17.04.     Density =8. 52. 

History. — Salts  of  ammonia,  and  also  the  aqueous  solution,  were 
known  to  the  alchemists*  It  was  termed  by  Glauber,  spiritus  vola- 
tilis  salts  artnaniaciy  being  obtained  by  the  action  of  an  alkali  upon 
sai-armomacum.  Subsequently,  when  ammonia  was  obtained  by 
the  destructive  distillation  of  such  refuse  as  hoofs  and  horns  of 
animals,  the  name  spirits  of  hartshorn  was  applied  to  it.  The 
actual  discovery  of  gaseous  ammonia  was  made  by  Priestley 
(1774),  when  he  collected  the  gas,  evolved  by  the  action  of  lime 
upon  sal-ammoniac,  by  means  of  his  mercurial  pneumatic  trough. 
Priestley  named  the  gas  alkaline  air. 

Occurrence. — In  combination  as  carbonate  of  ammonia  it  is  pre- 
sent in  small  quantities  in  the  air,  derived  by  the  decay  of  nitro- 
genous animal  and  vegetable  matter.  As  nitrate  and  nitrite  it  is 
found  in  rain-water.  It  is  evolved,  along  with  boric  acid,  from  the 
fumaroles  of  Tuscany  (see  Boric  Acid),  and  is  found  as  chloride 
and  sulphate  in  the  vicinity  of  active  volcanoes. 

Modes  of  Formation, — (i.)  Ammonia  can.be  synthetically  pro- 
duced by  submitting  a  mixture  of  nitrogen  and  hydrogen  to  the 
influence  of  the  silent  electric  discharge  (Donkin).  The  amount 
of  ammonia  so  obtained,  however,  is  extremely  small,  and  can  best 
be  shown  by  passing  the  gases,  as  they  issue  from  the  "  ozone 
tube,"  through  a  cylinder  containing  a  small  quantity  of  Nessler's 
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lolution.*  In  a  short  time  the  solution  will  begin  to  show  a 
yellowish-brown  colour,  indicating  the  presence  of  traces  of 
ammonia. 

(2.)  Ammonia  may  be  prepared  by  gently  heating  any  of  its 
salts,  with  either  of  the  caustic  alkalies,  potash  or  soda,  or  with 
slaked  lime.  The  salt  most  conunonly  employed  is  the  chloride. 
When  this  is  mixed  with  an  excess  of  slaked  lime,  and  the  mixture 
gently  heated  in  a  flask,  ammonia  is  evolved,  and  calcium  chloride 
and  water  are  formed — 

2NH4Cl+CaHjO,-CaCl,+'2H30  +  2NHj. 

The  gas  may  be  dried  by  being  passed  through  a  cylinder  con- 
taining lumps  of  quicklime,t  and  may  then  be  collected  either  by 
upward  displacement  or  in  the  mercurial  trough.  On  account  of 
its  extreme  solubility  it  cannot  be  collected  over  water. 

(3.)  Anunonia  b  formed  by  the  action  of  nascent  hydrogen  upon 
salts  of  nitrous  and  nitric  acid,  thus — 

NaN05+4H,-NaHO+2Hj04-NH3. 

This  method  is  often  made  use  of  in  the  quantitative  estimation 
of  nitrates  in  drinking  water. 

(4.)  When  nitrogenous  organic  matter  is  subjected  to  destruc- 
tive distillation,  that  is,  strongly  heated  out  of  contact  with  air, 
ammonia  is  formed  ;  hence  when  coal,  which  usually  contains  about 
2  per  cent,  of  nitrogen,  b  distilled  in  the  process  of  the  manu- 
Ceicture  of  ordinary  illuminating  gas,  one  of  the  products  of  the 
decomposition  is  anunonia.  The  "ammoniacal  liquor"  of  the 
gas  works  is  the  source  of  all  ammonia  salts  at  the  present  day. 
The  liquor  is  boiled  with  milk  of  lime,  and  the  ammonia  thus 
expelled  is  absorbed  by  sulphuric  acid.  The  ammonium  sulphate  so 
obtained  is  evaporated  to  dryness,  and  purified  by  recrystallisation. 

Properties. — Ammonia  is  a  colourless  gas,  having  a  powerfully 
pungent  smell,  and  a  strong  caustic  taste.  It  is  lighter  than  air, 
its  density  being  a  589  (air^  i).  Anunonia  possesses  the  property 
of  alkalinity  in  a  very  high'  degree  ;  it  turns  red  litmus  blue,  and 
yellow  turmeric  brown.    The  gas  is  unable  to  support  combustion, 

*  A  solution  of  mercuric  iodide  in  potassium  iodide,  rendered  alkaline  with 
potassium  hydroxide. 

t  The  usual  desiccating  agents,  namely,  sulphuric  acid,  or  phosphorus 
pentoxide,  are  inadmissible  in  the  case  of  ammonia,  as  this  gas  at  once  unites 
with  such  oompoundib 
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<tnd  is  irrespirablc.     Under  ordinary 
combustible,  bui  if  the  air  be  heated  o 
increased  Ihc  gas  will  then  bum  with  i 
yellow-ochre  colour.    This  behaviour  of 

bustibilily 


If  the  a 


between  the  two  lubes  ihe 
to  bum  with  its  charactei 
of  oxyg-en  the  flaine  of  the  burning 


t  of  oxygen  be" 

characteristic 
regard' 
conveniently^ 
illustrated  by  means  of  the  ap- 
paratus shown  in  Fig.  56. 
stream  of  the  gas  obtained  Iqr 
gently  heating  a  quantity  of  the 
strong  aqueous  solution  in  a 
small  flask  is  delivered  through 
a  tube  which  is  surrounded  by 
a  wider  glass  tube.  Through 
the  cork  which  carries  this  tube 
a  second  lube  passes,  through 
which  a  supply  of  oxygen  can 
be  passed.  On  applying  a 
lighted  taper  to  the  jei  of  am- 
monia as  it  issues  from  the  tube 
it  will  he  noticed  that  the  gas 
bums  in  the  healed  air  round 
the  flame  of  the  taper,  but  is 
unable  to  continue  burning  when' 
the  taper  is  withdrawn, 
a  gentle  stream  of  oxygen  be 
admitted  into  the  annular  space 
readily  igniles,  and  continues 
flame.  On  cutting  oflf  the  supply 
languish! 


I 


Ammonia  is  extremely  soluble  in  water  i  1  cc.  of  water  i 
and  at   the   standard  pressure,  dissolves   1148  cc,  of  ammont^ll 
measured  at  0°  C.  and  760  mm.    The  solubility  rapidly  decreasd^J 


the 

temperature  rise 

as  «'ill  be  se 

en  by 

the  followin 

rfiumm.  Diuolra 

G.UBm=i, 

NH.. 

760  «!. 

At    0°  . 

.    0.875 

.     1148 

..     8"  - 

-    0-713 

923 

,.   16°  . 

.    0.582 

764 

,.  30°  . 

.    0.403 

529 

„    SO* 

.    0.239 

306 

J^  fftfftOttt^ 
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When  a  solution  of  ammonia  is  heated  the  gas.is  rapidly  evolved, 
and  at  the  boiling  temperature  the  whole  of  it  is  given  up. 

The  great  solubility  of  this  gas  in  water  may  be  shown  by  filling 
a  large  bolt-head  flask  with  ammonia  by  displacement,  the  tlask 
being  closed  by  means  of  a  cork  through  which  a  long  tube  passes, 
as  shown  in  Fig.  57.  On  removing  the  cork  from  the  end  of  the 
tube  water  slowly  rises  until  it  reaches  the  top,  and  as  soon  as  the 
first  drops  enter  the  globe  the  absorption 
proceeds  with  great  rapidity,  the  water  being 
forced  up  the  tube  in  the  form  of  a  fountain, 
which  continues  until  the  flask  is  filled. 

Commercial  liquor  ammonia  is  prepared 
by  passing  ammonia  gas  into  water ;  the 
strongest  solution  has  a  specific  gravity  of 
a882  at  15',  and  contains  35  per  cent,  of 
ammonia.  During  the  process  of  solution 
heat  is  liberated,  and  when  the  gas  Is  again 
expelled  the  same  amount  of  heat  is  reab- 
sorbed. If  a  rapid  stream  of  air  be  driven 
through  a  quantity  of  strong  ammonia  solu- 
tion, contained  in  a  glass  flask,  the  ammonia 
gas  is  quickly  expelled  ;  and  if  the  flask 
be  placed  upon  a  wooden  block,  as  seen  in 
Fig.  58,  upon  which  a  few  drops  of  water 
have  been  poured,  it  will  be  found  that  after 
a  few  moments  the  flask  will  have  become 
firmly  frozen  to  the  block.  By  the  rapid  evaporation  of  ammonia 
in  this  way  it  is  possible  to  lower  the  temperature  to  —40°  C. 

Ammonia  is  an  easily  liquefiable  gas  ;  thus  at  15.5°  it  requires  a 
pressure  of  6.g  atmospheres,  andato°  only  4.2  atmospheres,  in  order 
to  liquefy  it.  The  gas  was  first  liquefied  by  Faraday  (1823)  by  heat- 
ing in  one  limb  of  a  closed  and  bent  glass  tube  (see  Fig.  3)  a  quantity 
of  a  compound  of  ammonia  with  silver  chloride,  the  other  limb  of 
the  tube  being  immersed  in  a  freezing-mixture.  The  experiment 
may  be  made  in  a  tube  constructed  as  seen  in  Fig.  59.  The  wide 
limb  is  nearly  filled  with  dry  precipitated  silver  chloride  which  has 
been  saturated  with  ammonia  gas.  This  compound  melts  at 
about  38°,  and  at  a  somewhat  higher  tempierature  it  gives  up 
its  ammonia.  If  the  narrow  limb  of  the  tube  be  immersed  in  a 
freezing-mixture  while  the  compound  is  being  heaisd,  the  com- 
Uned  mfluence  of  the  cold  and  th«  pressure  «>»Ttftd  ^  ^.Vki 
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evolved  ammonia  will  cause  the  gas  to  liquefy  and  collect  in  the 
cold  portion  of  the  tube.  On  removing  the  tube  from  the  freezing- 
mixture  and  allowing  the  other  end  to  cool,  the  liquid  ammonia 
will  boil  x)ff  and  be  reabsorbed  by  the  silver  chloride,  reforming 
the  original  compound. 

Liquid  ammonia  is  easily  obtained  in  larger  quantity  by  passing 
the  gas  through  a  glass  tube  immersed  in  a  bath  of  solid  carbonic 
acid  and  ether.  Liquid  ammonia  is  a  colourless,  mobile,  and 
highly  refracting  liquid,  boiling  at  —33.7*,  and  having  a  specific 
gravity  at  0°  of  0.6234.  When  cooled  below  -75*  it  solidifies  to  a 
mass  of  white  crystals. 

Liquid  ammonia  dissolves  the  metals  sodium  and  potassium,  the 
solution  in  each  case  being  of  an  intense  blue  colour.  On  the 
evaporation  of  the  liquid  the  metal  is  deposited  unchanged. 


Fir..  58. 
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During  the  evaporation  of  liquid  ammonia,  boiling  as  it  does  at 
so  low  a  temperature  as  —  33.7''>  a  rapid  absorption  of  heat  takes 
place,  and  as  this  substance  is  so  easily  obtained  it  was  one  of  the 
earliest  liquids  employed  for  the  artificial  production  of  ice.  Various 
ice-making  machines  have  been  invented  by  M.  Carr^,  in  which  the 
reduction  of  temperature  required  is  obtained  by  the  evaporation 
of  liquid  ammonia. 

Ammonia  is  decomposed  into  its  elements  at  a  temperature 
below  a  red  heat.  In  this  decomposition  two  volumes  of  ammonia 
give  one  volume  of  nitrogen  and  three  volumes  of  hydrogen.  The 
gaseous  products,  therefore,  obtained  by  passing  ammonia  through 
a  red-hot  tube  are  inflammable.  In  the  same  way,  when  electric 
sparks  are  passed  through  ammonia,  the  gas  is  resolved  into  its 
constituents.  By  performing  this  experiment  upon  a  measured 
volume  of  ammonia  confined  in  a  eudiometer  over  mercury,  it  will 
be  found  that  after  the  passage  of  the  sparks  for  a  short  time  and 
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the  readjustment  of  the  levels  of  mercury,  the  original  volume  of 
the  gas  has  been  doubled. 

The  fact  that  the  hydrogen  and  nitrogen  are  present  in  ammonia 
in  the  proportion  of  three  volumes  of  hydrogen  to  one  of  nitrogen 
can  be  shown  by  taking  advantage  of  the  fact  that  ammonia  is 
decomposed  by  chlorine,  the  latter  coipbining  with  the  hydrogen 
to  form  hydrochloric  acid  and  the  nitrogen  being  set  free.  This  is 
effected  by  means  of  the  apparatus  shown  in  Fig.  60.  The  long 
glass  tube,  divided  into  three  equal  divi- 
sions, is  filled  with  chlorine  and  closed  by 
a  cork  carrying  a  snvall  dropping  funnel.  A 
few  cubic  centimetres  of  strong  aqueous 
ammonia  are  ()oured  into  the  funnel  and 
allowed  to  enter  the  tube  drop  by  drop. 
As  the  first  two  or  three  drops  fall  into 
the  chlorine  it  will  be  seen  that  the  com- 
bination is  attended  with  a  feeble  flash  of 
light,  and  fumes  of  ammonium  chloride  are 
formed.  When  the  reaction  is  complete 
the  whole  of  the  chlorine  will  have  com- 
bined with  hydrogen  derived  from  the 
ammonia  to  form  hydrochloric  acid,  and 
this  in  its  turn  will  combine  with  the  excess 
of  ammonia  added,  forming  ammonium 
chloride.  This  substance  dissolves  in  the 
water.  A  small  quantity  of  dilute  sulphuric 
acid  is  next  introduced  by  means  of  the. 
dropping  funnel  in  order  to  absorb  the 
remaining  excess  of  ammonia.  The  at- 
mospheric pressure  is  then  once  more  re- 
stored by  attaching  to  the  funnel  a  bent 
tube,  dipping  into  a  beaker  of  water,  as 

shown  in  the  figure,  and  when  the  water  is  allowed  to  enter 
it  will  be  found  to  flow  into  the  tube  until  it  reaches  the  second 
graduation.  The  gas  which  is  left  and  which  occupies  one  of  the 
divisions  of  the  tube  is  found  on  examination  to  be  nitrogen. 
This  one  measure  of  nitrogen,  therefore,  has  been  eliminated  from 
that  amount  of  ammonia  which  has  been  decomposed  by  the 
chlorine  with  which  the  tube  was  originally  filled.  Now  chlorine 
<:ombines  with  its  own  volume  of  hydrogen,  therefore  the  volume 
of  hydrogen  which  was  in  combination  with  the  ovi^  rci^ac^wx^  ^A 
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nitrogen  is  equal  to  the  volume  of  chlorine  contained  in  the  tube, 
that  is  to  say,  it  was  three  measures.  We  have,  therefore,  one 
measure  of  nitrogen  and  three  measures  of  hydrogen,  or,  in  other 
words,  ammonia  is  a  combination  of  nitrogen  and  hydrogen  in  the 
proportion  of  one  volume  of  nitrogen  to  three  volimies  of  hydrogen. 

In  contact  with  many  metals  at  a  moderately  high  temperature 
ammonia  is  decomposed  into  its  elements,  and  a  compound  of 
the  metal  with  nitrogen  is  formed.  In  this  way,  at  temperatures 
ranging  between  about  400**  and  800°  a  number  of  metallic  nitrides 
have  been  obtained.*^  These  compounds  are  produced  by  passing 
a  rapid  stream  of  ammonia  gas  through  heated  porcelain  tubes 
containing  the  metal  in  the  form  of  either  wire,  foil,  or  fine  powder. 
When  heated  in  an  atmosphere  of  hydrogen,  these  nitrides  are 
decomposed  into  nitrogen  and  the  respective  metal,  hence  they 
can  only  be  produced  in  the  presence  of  a  large  excess  of  am- 
monia gas. 

Anunonia  combines  directly  with  acids  forming  salts,  known 
as  ammonium  salts,  in  which  the  nitrogen  functions  as  a  pentad 
element ;  thus  with  hydrochloric  and  sulphuric  acids  it  forms  respec- 
tively ammonium  chloride  and  ammonium  sulphate — 

NH3  +  HC1=(NH4)C1. 
2NHs+ H2S04=(NH4)2S04. 

(The  ammonium  salts  will  be  described  with  the  compounds  of 
the  alkali  metals.)  • 

Hydraiine  (diamidojptn),  NH2'  NH^  or  NsH4.— This  compound  was  first 
prepared  by  Curtiiis  (1887).     It  is  obtained  from  a  salt  of  an  organic  acid 

N\ 
known  as  diazo-acetic  acid,   II      CH'COOH.     When  the  ethereal  salt  of  this 

NX 

acid  is  acted  upon  by  potassium  hydroxide,  the  potassium  salt  of  another 
acid  is  formed,  namely  triazo-acetic  acid.  This  we  may  regard  as  merely  a 
polymer  of  the  first  acid,  and  represent  its  formula  (Nj-. CH'COOH),. 
When  this  compound  is 'digested  with  dilute  sulphuric  acid  it  is  converted 
into  hydrazine  sulphate  and  oxalic  acid.  Thus,  employing  the  simple  formula 
for  the  acid — 

Nj :  CH  COOH  +  H2S04+2HaO= NaH4H2S04+  HaCa04. 

Hydrazine  may  also  be  prepared  from  purely  inorganic  sources.  When 
hydrogen  potassium  sulphite  is  acted  upon  by  potassium  nitrite,  a  compound 
known  as  potassium  dinitroso-sulphonate  is  produced.  O:  N'N'OK'KSQi. 

*  Beilby  and  Henderson,  /our.  C/um,  Soc,,  November  1901. 


Hydrazine  279 

The  mechanism  of  the  reaction  will  be  made  clearer  if  the  formula  for  the 
nitrite  be  written  O :  N  'OK.    Thus— 

20 :  N-0K+2HKS0j=0 :  NN-0KKS0i+K,S04. 

By  the  action  of  nascent  hydrogen  (from  sodium  amalgam)  at  the  temperature 
of  ice,  this  compound  is  converted  into  the  potassium  salt  of  hydrazine 
sulphonate — 

0:N-NOKKSO,+6H  =  H2NNHKSO,+  KHO+H,0. 

And  this  compound  on  distillation  with  potassium  hydroxide  yields  hydrazine— 

HjNNHKS08+HKO=HaNNHa+K^04. 

The  base  itself  may  also  be  obtained  by  heating  together  in  a  sealed  tube,  to 
a  temperature  of  170%  hydrazine  hydrate,  N2H4,H20,  and  barium  monoxide. 
Uiider  these  circumstances  the  barium  oxide  takes  up  the  water  from  the 
hydrazine  hydrate,  according  to  the  equation — 

BaO+N2H4HaO=Ba(HO)2+NaH4. 

When  the  tube  is  opened,  the  gaseous  hydrazine,  which  is  under  considerable 
pressure,  rushes  out  of  the  tube,  forming  dense  fumes  in  contact  with  the 
atmospheric  moisture,  with  which  it  combines  with  great  readiness. 

Hydraxine  Hydrate.  NSH4H2O.— The  compound  formed  by  the  combina- 
tion of  hydrazine  with  water  is  obtained  by  distilling  hydrazine  sulphate, 
N2H4H3SO4,  with  an  aqueous  solution  of  potassium  hydroxide  (caustic  potash) 
in  a  vessel  of  silver.  It  is  a  colourless,  fuming,  powerfully  corrosive  liquid, 
which  boils  at  118.5^  It  attacks  glass,  cork,  and  indiarubber,  and  can  only 
be  prepared  in  vessels  of  silver  or  platinum  which  are  screwed  together  at  their 
junctions.  With  the  halogen  acids  it  forms  two  series  of  salts,  in  which  either 
one  or  two  molecules  of  the  halogen  acid  are  present :  thus  with  hydrochloric 
acid  we  have — 

Hydrazine  monohydrochloride     .        .        .     NgH4HCl. 
Hydrazine  dihydrochloride  ....     N2H42HCI. 

Hydrazine  and  its  salts  act  as  powerful  reducing  agents,  and  give  the  charac- 
teristic red  precipitate  of  cuprous  oxide  when  added  to  F^hling's  solution. 
This  reaction  serves  to  immediately  distinguish  these  compoimds  from 
ammoniiun  salts. 

Hydraiolo  Add  or  Aioimide,  HN,  or  Hn      li  .—Discovered  by  Curtius 

(1890).  The  sodium  salt  is  prepared  by  boiling  benzoylazo-imide  with  sodium 
hydroxide,  when  sodium  benzoate  and  sodiimi  hydrazoate  are  formed,  thus — 

QHsCO - N      II  +2NaHO=CeH8COONa-|- Na - N;    ||  +  HjO. 
\N  .  \N 
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It  is  also  produced  when  sodamide  (obtained  by  heating  sodium  in  dry 
ammonia  gas)  is  heated  to  900°  in  a  stream  of  nitrous  oxide  * — 

2NH,Na+ N,0=NaN3+  NaHO+ NH,. 

The  sodium  hydrazoate  so  obtained  is  then  gently  warmed  with  dilute  sulphuric 
add,  when  sodium  sulphate  and  hydracoic  acid  are  formed,  thus — 

2NaN8+ HaS04=Na2S04+2HN3. 

Propertias. — T^  compound  is  a  colourless  volatile  liquid,  boiling  at  37*. 
The  vapour  possesses  a  most  unpleas;uit  a/id  powerfully  penetrating  odour. 
If  inhaled,  even  when  largely  diluted  with  air,  it  exerts  an  irritating  action 
upon  the  mucous  membrane.  As  its  name  denotes,  it  is  an  add  substance, 
and  in  many  of  its  properties  it  strongly  resembles  the  halogen  adds.  The 
compound  is  extremely  soluble  in  water,  and  forms  a  strongly  acid  liquid 
which  smells  of  the  vapour.  This  solution  when  boiled,  finally  assumes  a 
definite  strength,  and  yields  on  distillation  an  aqueous  add  of  constant  com- 
position, in  this  respect  resembling  aqueous  hydrochloric  acid.  q.v. 

In  its  constitution  this  acid  may  be  compared  with  hydrocyanic  acid,  and 
with  the  halogen  acids— 

H(N3):  H(CN);  H(C1) ;  H(Br). 

in  which  the  radical  cyanogen  (CN),  or  the  halogen  elements,  CI  and  Br,  are 
replaced  by  the  group  consisting  of  three  nitrogen  atoms. 

When  a  solution  of  hydrazoic  acid  is  added  to  a  solution  of  silver  nitrate,  a 
white  predpitate  of  silver  hydrazoate  is  formed,  strongly  resembling  silver 
cyanide  and  silver  chloride  in  appearance.  This  silver  salt,  however,  is  not 
acted  upon  by  light  in  the  way  the  chloride  is,  and  it  differs  also  in  being 
extremely  explosive.  A  minute  quantity  of  the  compound,  when  touched  with 
a  hot  wire,  detonates  violently. 

This  instability  and  tendency  to  explode  is  characteristic  of  l)ie  acid  and 
most  of  its  salts.  The  sodium  salt,  however,  may  be  heated  to  about  250* 
before  it  decomposes. 

'  When  gaseous  hydrazoic  acid  is  mixed  with  gaseous  ammonia,  dense  white 
fumes  are  formed,  consisting  of  ammonium  hydrazoate.  These  two  hydrides 
of  nitrogen,  apparently  so  similar,  but  in  reality  so  widely  different,  unite  to 
form  the  ammonium  salt,  just  as  gaseous  hydrochloric  acid  and  ammonia 
combine  to  form  ammonium  chloride,  thus — 

NH,+H(N,)=NH4(N8). 
NH,+  HCl=NH4Ci. 

The  alkaline  hydride  of  nitrogen,  ammonia,  combines  with  the  acid  hydride  of 
nitrogen,  hydrazoic  acid,  and  forms  the  salt  ammonium  hydrazoate  NH4N, 
or  N4H4. 


*  See  Experiment  298,  **  Chemical  Lecture  Experiments,"  new.  ed. 
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HTDROZTLAMINB. 

Formula.  NH^^OH). 

Discovered  by  Lossen  in  1865. 

Modes  of  Formation. — (i.)  By  the  action  of  nascent  hydrogen 
upon  nitric  oxide,  nitric  acid,  or  certain  nitrates — 

2NO  +  3Ha=2NH./OH). 
HN03  +  3Ha=2H.p  +  NH2(OH). 

The  nascent  hydrogen  is  evolved  from  tin  and  hydrochloric  acid, 
and  a  stream  of  nitric  oxide  passed  through  the  mixture.  The 
hydrochloride  of  hydroxylamine  is  thus  obtained.  This  is  purified 
by  first  passing  a  stream  of  sulphuretted  hydrogeiv  through  the 
solution.  The  tin  is  thus  precipitated  as  sulphide,  and  is  removed 
by  filtration.  The  filtered  solution  is  then  evaporated  to  dryness,  and 
the  hydrochloride  of  hydroxylamine  is  dissolved  out  of  the  residue 
by  means  of  absolute  alcohol,  in  which  solvent  ammonium  chloride 
is  only  very  slightly  soluble.  The  alcohol  is  then  distilled  off,  and 
the  residue  is  converted  into  the  sulphate  by  being  treated  with  the 
requisite  quantity  of  sulphuric  acid.  Hydroxylamine  itself,  in 
aqueous  solution,  is  obtained  from  the  sulphate  by  the  addition  of 
baryta-water. 

(2.)  By  boiling  potassium  hydroxylamine  disulphonate  with  water 
for  several  hours — 

2N(OHXS03K)a+4HiO  =  (NHsOH)2S04+i2K8S04-fH3S04. 

The  potassiinn  sulphate  is  removed  by  crystallisation. 

Properties. — Hydroxylamine  is  known  only  in  aqueous  solution. 
The  solution  is  colourless,  and  has  an  alkaline  character.  When 
the  solution  is  distilled  the  substance  is  partially  decomposed.  The 
solution  is  a  powerful  reducing  agent ;  it  precipitates  gold  and 
mercury  from  their  solutions,  and  reduces  cupric  salts,  throwing 
down  the  red  cuprous  oxide  on  being  boiled. 

Hydroxylamine  is  a  base,  and  may  be  regarded  as  ammonia,  in 
which  one  of  the  hydrogen  atoms  has  been  replaced  by  the  monad 
group  hydroxy  I  (OH).  Its  salts,  like  those  of  ammonia,  are  formed 
by  direct  union  with  an  acid,  without  the  elimination  of  water. 

NHjOH  +  HCl^NHaOHCl  (or  NH20H,Ha). 
2NH,OH  +  H.^S04=(NHaOH)jS04  (or  2NH20H,HjS04). 

The  salts  of  hydroxylamine  all  decompose  on  iVv^  ^.Y^V\cdX\Q>Tw^\ 
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heat,  with  a  more  or  less  sudden  and  violent  evolution  of  gas  ;  thus 
the  nitrate  breaks  up  with  almost  explosive  violence  into  nitric 
oxide  and  water — 

NH,OH-HNO,=2NO+2H,0. 

AMH0N-SULPH0HATB8. 

These  compounds  may  be  regarded  as  derived  from  ammonia,  by  the 

gradual  teplaoeroent  of  the  hydrogen  by  the  group  SOjH  or  SO2OH. 

• 

Amnion-sulphonic  acid  NHs^SO^H). 

Ammon-disulphonic  acid  .  NH(SO}H)^ 

Ammon-trisulphonic  add  N(SOsH)). 

Potassium  ammon-trisulphonate  is  precipitated  as  a  crystalline  salt  when 
excess  of  a  solution  of  potassium  sulphite  is  added  to  a  solution  of  potassium 
nitrite — 

3K,SO,+  KNO,+2H,0=4KHO+N(S08K),. 

Prolonged  boiling  with  water  converts  it  first  into  the  ammon-disulphonate — 

N(SOgK),+  H,0=NH(SO,K)j+  H  KSO4. 

and  finally  into  aromon-sulphonate 

NH(S03K)j+  HaO=NHj(SO,K)  +  HKSO4. 

Ammon-sulphonic  acid  is  a  stable  crystalline  body  ;  the  other  two  acids  are 
only  known  in  their  salts. 

When  an  ice-cold  solution  of  sodium  nitrite  is  added  to  hydrogen  sodium 
sulphite,  a  compound  is  obtained  which  may  be  regarded  as  derived  from 
ammon-trisulphonic  acid  by  the  replacement  of  one  of  the  groups,  SO3H,  by 
hydroxyl,  OH- 

NaNOj+2NaHS08=N(OH)(SO,Na)2+NaHO. 

On  the  addition  of  a  saturated  solution  of  potassium  chloride  in  the  cold,  the 
sodium  salt  is  converted  into  the  potassium  salt,  which  slowly  crystallises  from 
the  solution,  with  two  molecules  of  water,  N(OH)(S03K)2,2H20. 

This  potassium  hydroxylamlne  disulphonate  is  an  unstable  compound,  and 
on  boiling  with  water  the  two  SO3K  groups  are  replaced  by  hydrogen,  forming 
first  potassium  hydroxylamine  monosulphonate,  NH(OH)SOjK,  and  finally 
hydroxylamine,  NHjOH. 

Compounds  of  Nitrogen  with  the  Halogen  Elements. 

Nitrogen  TrloUorlde,  NCI3. — This  compound  was  discovered  by  Dulong 
(1811).     Its  true  composition  was  proved  by  Gattermann  (1888). 

Moifle  of  Formation.  — Nitrogen  trichloride  is  obtained  by  the  action  of 
chlorine  upon  ammonium  chloride  — 

NH4Cl  +  3Cla=NCla  +  4HCl 
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When  a  solution  of  ammonium  chloride  is  electrolysed,  the  chlorine,  which  is 
evolved  at  the  positive  electrode,  acts  upon  the  ammonium  chloride,  forming  the 
trichloride  of  nitrogen.* 

PropertlM. — Nitrogen  trichloride  is  a  thin  oily  liquid,  of  a  pale-yellow 
colour,  and  having  a  specific  gravity  of  1.65.  It  is  very  volatile,  and  has  an 
unpleasant  pungent  smell,  the  vapour  being  extremely  irritating  to  the  eyes.  It 
is  the  most  dangerously  explosive  compound  knovim,  and  when  suddenly 
heated,  or  brougl^  into  contact  with  grease,  turpentine,  or  phosphorus,  it  at  once 
explodes.  It  also  explodes  on  exposure  to  sunlight.  At  a  temperature  of  71^ 
it  may  be  distilled,  but  the  operation  is  one  of  the  utmost  danger.  Nitrogen 
tricliloride  is  decomposed  by  ammonia,  forming  ammonium  chloride  and  free 
nitrogen ;  hence  in  the  preparation  of  nitrogen  by  the  action  of  chlorine  upon 
ammonia,  the  presence  of  an  excess  of  ammonia  prevents  the  formation  of  this 
dangerous  compound. 

Nltroffen  Trltoomide,  NBr^. — When  potassium  bromide  is  added  to  nitro- 
gen trichloride  beneath  water,  a  red,  oily,  highly  explosive  substance  is 
obtained,  believed  to  be  the  tribromide  of  nitrogen. 

Nitrogm  Iodide,  NgHjIs. — When  strong  aqueous  ammonia  is  added  to 
powdered  iodine,  a  brown-coloured  powder  is  formed  which  has  violently 
explosive  properties.  Also  when  alcoholic  solutions  of  iodine  and  of  ammonia 
are  mixed,  a  brown  and  highly  explosive  compound  is  produced. 

Curtois,  who  first  prepared  the  substance,  believed  it  to  have  the  composi- 
tion NI3,  and  this  view  was  held  by  Gay-Lussac  and  others.  Gladstone  and 
others  considered  that  the  substance  contained  one  atom  of  hydrogen,  and  that 
the  formula  NHI3  expressed  the  composition.  The  investigations  of  Szuhay 
(1893)  also  led  him  to  believe  that  the  compound  obtained  by  the  addition 
of  an  excess  of  aqueous  ammonia  to  a  concentrated  solution  of  iodine  in 
potassium  iodide  has  the  composition  NHI3. 

The  subject  has  recently  been  reinvestigated  by  Chattaway  (Proc,  Ckem,  Soc.^ 
1899),  who  for  the  first  time  appears  to  have  obtained  the  compound  in  a  state 
of  purity  by  the  addition  of  ammonia  to  a  solution  of  potassium  hypoiodite. 
Under  these  circumstances  the  substance  separates  out  in  the  fbrm  of  well- 
defined  crystals  having  a  composition  expressed  by  the  formula  NsHjI),  which 
may  be  regarded  either  as  NI|,NHg  or  NHI|,NHsI.  The  equations  represent- 
ing the  formation  of  the  compound  may  be  thus  expressed — 

KIO+ NH4HO= NH4IO  +  KHO, 

3NH4lO=NjH3l,+NH,+3HaO. 

The  reaction  which  takes  place  when  the  compound  is  obtained  by  the 
action  of  iodine  upon  strong  ammonia  appears  also  to  involve  the  first  forma- 
tion of  the  unstable  ammonium  hypoiodite,  thus — 

Ij+2NH4HO=NH4lO+NH4l-|-HaO. 

which  then  breaks  up  as  shown  above. 

PropeitiM. — Nitrogen  iodide  b  a  copper-coloured  glittering  crystalline  com- 
pound, appearing  red  by  transmitted  light  In  the  amorphous  state,  as  obtained 
by  the  action  of  iodine  upon  strong  ammonia,  it  presents  the  appearance  of 

*  See  *'  Chemical  Lecture  Experiments,"  new  ed.,  Na  901. 
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a  dark  chocoUte-brown  powder.  When  moist  it  may  be  handled  without  much 
risk  of  explosion,  although  it  hai  been  known  to  expkxle  even  under  water. 
Allien  dry  the  substance  is  extremely  explosive ;  the  shock  caused  by  the  tread 
of  a  fly  upon  it  is  more  than  sufficient  to  explode  it ;  even  fialling  dust  particles 
will  sometimes  cause  it  to  explode. 

When  nitrogen  iodide  is  placed  in  dilute  aqueous  ammonia,  and  exposed  to 
bright  light,  it  is  decomposed,  and  bubbles  of  nitrogen  are  seen  escaping  from 
the  compound-^' 

N,H5l,=Na+3HI, 

the  hydriodic  add  being  neutralised  by  the  ammonia  present  At  the  same 
time  a  small  quantity  of  the  compound  is  converted  into  ammonium  hypoiodite, 
which  being  unstable  slowly  passes  into  the  iodate,  thus — 

NjH,I,+8H,0+NH3=8NH4lO, 
8NH4lO=NH4lO,+aNH4l. 


CHAPTER  VIII 

CARBON 
Sjrmfaol.  C.    Atomic  weight =x3.oa 

Oeeurrenee. — This  element  is  capable  of  assuming  three  allo- 
tropic  forms,  and  it  occurs  free  in  nature  in  each  of  these  modifica- 
tions, viz.,  diamond,  graphite,  and  charcoal. 

In  combination  with  oxygen,  carbon  occurs  in  carbon  dioxide,  a 
gas  which  is  present  in  the  air,  being  a  constant  product  of  com- 
bustion and  respiration.  In  combination  with  hydrogen  it  occurs 
as  marsh  gas.  Carbon  is  a  constituent  of  all  the  natural  car- 
bonates, such  as  limestone,  dolomite,  &c.,  which  form  an  important 
fraction  of  the  earth's  crust,  and  it  is  also  an  essential  constituent 
of  all  organic  substances. 

Diamond. 

OccurPenoe, — This  substknce  has  been  known  and  prized  from 
Uhe  remotest  antiquity.  It  is  found  in  various  parts  of  India, 
mostly  in  river  gravels  and  superficial  deposits,  in  Brazil,  South 
Africa,  Australia,  and  various  parts  of  the  United  States.  The 
diamond  has  also  recently  been  obtained  from  extra-terrestrial 
sources.  In  a  meteorite  which  fell  in  Russia  on  September  22, 
1886,  carbon  was  found,  partly  as  amorphous  and  partly  as  ada- 
mantine carbon. 

The  diamond  form  of  carbon  is  found  of  various  colours  ;  some- 
times it  is  dark  grey,  or  even  black,  stones  of  these  colours  being 
known  as  carbonado  and  bort.  The  former  of  these  is  extremely 
hard,  and  is  of  great  value  for  use  in  rock-boring  and  drilling 
instruments.  Bort  is  used  in  the  crushed  condition  by  lapidaries 
for  grinding  and  polishing. 

Occasionally  the  diamond  is  found  coloured  blue,  or  red,  or 
green  by  traces  of  foreign  materials.    Some  of  these  coloured 
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of  great  value  as  gems : 
slone  weighing    44^    cai 


the  well-known  "Hope"'. 
ipphirt 


diamond, 

llie  origin  of  the  diamond  is  unknown,  although  many  theories 
have  been  put  forward  to  explain  its  formation.  Newton's  famous 
suggestion,  that  diamond  was  ■'  an  unctuous  substance  coagulated," 
was  based  upon  its  remarkably  high  refractive  index.  The  cellular 
structure  which  is  sometimes  to  be  seen  in  the  ash  that  is  left  when 
the  diamond  is' burnt  seems  to  indicate  that  it  is  of  vegetable 

Nodes  of  Formation.— Innumerable  attempts  have  been  made 
to  effect  the  crystallisation  of  carbon  in  the  adamantine  fonn  ;  but 
while  it  is  readily  possible  to  convert  this  variety  of  carbon  into  its 
allotropes  graphite  and  charcoal,  the  transformation  of  these  back 
again  to  the  diamond  is  a  problem  that  is  beset  with  the  greatest 
difficulties.  Moissan  has  recently  shown  *  that  the  carbon,  which 
is  capable  of  being  dissolved  in  molten  iron,  and  which  is  usually 
deposited  in  the  graphitic  form  on  cooling,  can,  under  ci 
conditions,  be  caused  to  take  up  the  adacianline  form. 

By  raising  the  temperature  of  the  iron  10  about  3000"  by  n 
of  an  electric  furnace,  and  then  suddenly  cooling  the  molten 
by  plunging  the  crucible  into  water  or  mohen  lead,  until  the  cooled 
ttnd  solidified  surface  is  at  a  dull  red  heat,  an  enormous  pressure  is 
brought  to  bear  upon  the  interior  and  still  liquid  portion.  Under 
these  circumstances,  a  part  of  the  carbon  which  is  deposited  by  the 
slowly  cooling  mass  was  found  by  Moissan  10  be  in  the  adamantine, 
form.  On  dissolving  the  iron  in  hydrochloric  acid,  amongst  the 
carbonaceous  residue  were  found  fragments  having  a  spedGc 
gravity  between  3.0  and  3.5,  and  sufficiently  hard  to  scratch  ruty^ 
Some  of  the  fragments  were  the  black  or  carbonado  variety,  wM 
others  were  transparent.  On  combustion  in  oxygen,  Moiss 
proved  that  these  were  really  carbon  in  the  diamond  form. 

Properties. — The  diamond  in  its  purest  condition  is  a  colourless 
crystalline  substance.  Its  crystalline  forms  belong  to  the  cubic 
system,  and  appear  to  some  extent  to  be  characteristic  of  the 
locality  in  which  the  element  occurs.  It  is  extremely  hard  and 
moderately  brittle.  When  struck  with  a  hammer  the  diamond  not 
only  splits  along  its  cleavage- planes,  but  also  in  other  directions, 
with  a  conchoidal  fracture.     It  does  not  conduct  electricity.    The 
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specific  gravity  of  diamond  varies  slightly  in  different  specimens, 
the  mean  being  about  3.5.  Its  refractive  index  is  higher  than  that 
of  any  other  substance,  and  it  is  this  property  which  gives  its 
peculiar  beauty  and  brilliancy  to  the  cut  stone. 

The  value  of  diamond  as  a  gem  depends  largely  upon  its  colour- 
lessness, except  in  the  case  of  those  rare  instances  where  the 
colour  is  quite  definite  and  also  pleasing,  such  as  distinct  red,  blue, 
or  green. 

When  diamond  is  strongly  heated  it  becomes  black,  and  in- 
creases in  bulk,  being  converted  into  a  substance  having  the 
properties  of  coke.  Lavoisier  (1772)  was  the  first  to  show  that 
the  diamond  was  a  combustible  body,  and  that  it  yielded  carbon 
dioxide.  Davy  (18 14)  showed  that  carbon  dioxide  was  the  only 
product  of  its  combustion,  and  proved  that 
diamond  was  pure  carbon. 

The  combustion  of  diamond  in  oxygen  may 
readily  be  accomplished  by  means  of  the  ap- 
paratus shown  in   Fig.  61.    A  fragment  of 
diamond  is  supported  upon  a  small  gutter  pf 
platinum  foil,  which  bridges  across  two  stout 
copper  wireSyA.     These  wires  pass  through  a 
cork  in  a  perforated  glass  plate,  and  are 
lowered  into  a  cylinder  of  oxygen.     By  the 
passage  of  an  electric  current  the  little  plati- 
num boat  can  be  strongly  heated,  when  the 
diamond  will  become  ignited,  and  continue  to 
bum  brilliantly  in  the  oxygen,  with  the  formation  of  carbon  dioxide. 
The  ash,  which  is  always  left  after  a  diamond  has  been  burnt, 
varies  from  0.2  to  0.05  per  cent  of  the  stone.     It  is  found  usually 
to  contain  ferric  oxide  and  silica. 


Fig.  61. 


Graphite. 

Occurrence. — This  second  allotrope  of  carbon  is  much  more 
plentiful  in  nature  than  the  first.  It  is*found  in  large  quantities 
in  Siberia,  Ceylon,  and  various  parts  of  India.  In  England  the 
chief  source  of  graphite  has  been  the  mines  at  Borrowdale  in 
Cumberland  ;  this  supply  is  now  practically  exhausted.  Enor- 
mous quatitities  of  very  pure  graphite  are  now  obtained  from  the 
Eureka  Black-Lead  Mines  in  'California.  Graphite  also  occurs 
in  many  specimens  of  meteoric  iron; 
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Mode  of  Formation. —MoUen  iron,  especially  when  it  c 
}n,  is  capable  o(  dissolving  a  considerable  am 
which,  on  cooling,  is  deposited  in  the  form  of  black  shining  crystals 
of  graphite.     Occasionally  considerable  quantities  of  graphite  are 
found  deposited  in  this  way  in  iron-smelling  furnaces,  10  which  the 
"kish"  has  been  applied. 

Graphite  is  now  manulaciured  by  heating  a  mixture  of  97  pari^ 
of  amorphous  carbon  (charcoal  or  coke)  and  3  parts  of  iron  in  an 
electric  furnace.  It  was  formerly  believed  that  at  the  high  letn 
perature  of  the  electric  arc  amorphous  carbon  was  converted 
directly  into  the  graphitic  "modification  ;  but  it  has  recently  been 
shown  (Acheson)  that  fiun  charcoal  does  not  by  itself  undergo 
this  transformaiion  i  that  the  change,  in  reality,  takes  place 
through  the  intermediate  formation  of  a  metallic  carbide.  The 
product  obtained  is  practically  free  from  iron,  as  the  metal  is 
volatilised  at  the  high  temperature. 

Properties. —Hraphite  is  a  soft,  shiny,  greyish-black  substance, 
which  is  smooth  and  soapy  to  the  touch.  It  is  usually  found  in 
compact  laminated  masses,  but  sometimes  crj'stalliaed  in  six-sided 
plates.  Its  specific  gravity  varies  in  different  specimens,  aver- 
aging about  3.5.  Graphite  is  a  good  conductor  of  both  heat  and 
electricity. 

When  strongly  heated  in  oxygen,  graphite  takes  fire  and  bums, 
forming  carbon  dioxide,  and  leaving  an  ash  consisting  of  silica, 
alumina,  and  oxide  of  iron.  Graphite  has  been  found  by  Rcgnault 
to  contain,  usually,  traces  of  hydrogen.  Graphite  is  employed  for 
the  manufacture  of  ordinary  lead  pencils ;  for,  on  actxiunt  of  its 
softness,  it  leaves  a  black  mark  upon  paper  when  drawn  across  it. 
For  the  purposes  of  the  pencil  manufacture  the  natural  graphite  is 
ground  to  p<)wder  and  carefully  washed  free  from  gritty  matter. 
It  IS  then  mixed  with  the  finest  washed  clay,  and  llie  pasty  mass  is 
forced  by  hydraulic  pressure  through  perforated  plates.  The  name 
"  graphite,"  from  the  Greek  tf  mrile,  is  given  to  this  substance  on 
account  of  its  use  for  this  purpose.  Ii  was  formerly  supposed 
that  this  material  contained  lead,  hence  the  names  NiKk-Uad  uaA 
plumbago. 

When  powdered  graphite  is  subjected  to  prolonged  ireatmcoi  with  boiling 
nitric  ncid  nnd  potassium  chluriLte  It  undergon  purtial  oxidation,  and  js  con- 
verted into  0.  greyisi)  crystalline  subttoncc  which  whs  lermed  by  !u  docoverV'  J 
iBrodle)  frafhitic  atiil.     It  conlaint  cirtjon.  hydrogen,  and  oxygen,  uid  IM 
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believed  to  have  a  composition  represented  by  the  formula  H4C]i09.  When 
heated,  this  compound  undergoes  n  very  curious  transformntion.  If  a  frag- 
ment about  the  sixe  of  a  pea  is  heated  in  the  bottom  of  a  test-tube,  feeble  signs 
of  visible  combustion  are  seen,  and  a  light,  porous  black  mass  is  produced 
which  fills  and  overflows  the  tube.  This  porous  mass  appears  to  be  pure 
graphite.     At  the  same  ixmt  a  little  moisture  condenses  upon  the  tube. 

Graphite  is  largely  employed,  on  account  of  its  leiimctoriness, 
for  the  manu&cture  of  the  so-called  plumbago  crucibles,  which 
consist  of  fireclay  mixed  with  finely-ground  graphite. 

Other  uses  to  which  graphite  is  put  are  for  glazing  or  polishing 
gunpowder,  especially  the  larger  grained  varieties  ;  as  a  lubricant 
for  machinery,  where  oil  is  inadmissible  on  account  0/  high  tem- 
perature ;  for  electrotyping  processes,  and  also  as  a  coating  for 
ironwork,  to  prevent  rusting. 

Amorphous  Carbon. 

This  non-crystalline  form  of  carbon  may  be  obtained  by  the 
decomposition  of  a  great  variety  of  carbon  compounds,  by  the 
process  known  as  destructive  distillation.  The  carbon  so  obtained 
differs  very  much  as  regards  its  purity,  according  to  the  particular 
organic  compound  used  for  its  preparation.  The  commonest  fonns 
of  amorphous  carbon  to  be  met  with  are  lampblack  or  soot,  gas 
carbon,  coke,  charcoal,  animal  charcoal  or  bone-black.  None 
of  these  substances  is  pure  carbon  ;  animal  charcoal,  for  example, 
usually  containing  only  about  10  per  cent  of  carbon. 

Lampblack. — This  substance  is  manufactured  by  burning  sub- 
stances rich  in  carbon,  and  which  bum  with  a  smoky  fiame  (as 
turpentine,  petroleum,  or  tar),  with  a  limited  supply  of  air.  The 
smoke  is  passed  into  chambers  in  which  are  suspended  coarse 
blankets,  upon  which  the  soot  collects.  The  lampblack  always 
contains  hydrogen  in  the  form  of  hydrocarbons.  If  the  soot  be 
heated  to  redness  in  a  stream  of  chlorine,  this  hydrogen  can  be 
removed,  and  pure  amorphous  carbon  will  be  left. 

Lampblack  is  used  for  printers'  ink  and  for  black  paint. 

Gas  Carbon. — This  form  of  carbon  is  obtained  by  the  destruc> 
tive  distillation  of  coal  in  the  manufacture  of  illuminating  gas. 
It  remains  in  the  retorts  as  an  extremely  hard  deposit,  lining  the 
roof  and  sides.  It  is  a  very  pure  carbon,  coming  second  to  puri- 
fied lampblack.  Its  specific  gravity  is  about  2.35.  Gas  carbon  is 
a  good  conductor  of  electricity,  and  is  extensively  used  for  the 
manufacture  of  carbon  rods  for  the  arc  light. 
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Coke.^Thls  subsUnce  diAers  from  gas  ca.rl}oii.  although  it  also 
ia  oblained  in  ihe  process  of  coal  dislilling.  It  conlains  all  the 
inorganic  matter  which  constitutes  Ihe  ash  of  the  coal,  and  also 
small  quantities  of  hydrogen,  nitrogen,  and  oxygen.  Tlie  average 
amount  of  carbon  in  coke  is  about  91  per  cent. 

Charaoal. — The  purest  form  of  charcoal  is  obtained  by  the 
carbonisation  of  pure  white  sugar  and  the  subsequent  ignition 
of  the  charcoal  in  a  stream  of  chlorine  gas.  Charcoal  so  ob- 
tained has  a  specific  gravity  of  r.57.  Charcoal  in  a  much  less 
pure  condition  is  manufactured  from  wood.  Tlie  methods 
by  which  the  carbonisation  of  wood  is  carried  out  are,  broadly, 
of  two  kinds :  first,  those  in  which  access  of  air  is  pemiitted 
to   the  burning  material;  and,  second,  those  in  which  air  is  ex- 

The  first  of  these,  and  the  most  ancient,  is  generally  carried  on 
in  more  primitive  parts,  where  wood  is  plentiful.  The  wood  is 
piled  into  mounds  or  SLicks,  which  are  built  with  some  care. 
They  are  set  on  fire  in  the  interior  by  means  of  .1  lighted  bundle 
of  brushwood,  which  is  introduced  through  a  vertical  opening  or 
chimney,  left  for  this  purpose  in  the  centre  of  the  mound  during  its 
construction.  The  outside  of  the  heap  is  covered  with  brushwood, 
and  finally  with  turf,  in  order  to  regulate  the  access  of  air  10  the 
interior,  and  Iherefofe  to  control  the  rate  of  combustion  of  the  wood. 
The  object  of  the  charcoal-burner  is  to  carbonise  the  wood  as 
slowly  as  possible.  In  this  process  there  is  great  liability  to  loss, 
by  the  too  rapid  combustion  of  the  wood  ;  and,  in  addition,  it  pos- 
sesses the  disadvantage  that  the  secondary  products,  such  as  the 
pyroligneous  acid,  tar,  &<l,  are  entirely  losL 

Various  modifications  have  been  introduced  into  Ihe  method  of, 
I'lju//*!^  wood,  as  the  process  is  termed,  with  a  view  to  collect  thi 
products. 

In  the  second  general  process  of  carbonising  wood,  the  material. 
is  heated  in  ovens  or  retorts  from  the  outside,  no  air  being  admilt«l 
to  the  wood.  The  operation  is  very  similar  to  that  employed  in 
the  destructive  distillation  of  coal,  in  the  manufacture  of  cOal  gas. 
In  these  methods  all  the  volatile  and  condensable  products  are 
collected  :  among  these  are  water,  pyroligneous  acid,  wood  spirit, 
acetone,  and  fatty  oils.  The  non-condensable  products  consist 
mainly  of  such  gases  as  hydrogen,  carbon  monoxide,  carbon  di- 
oxide, marsh  gas,  and  acetylene. 

Animal  ChaPCO&l.  — Bone-black  is  obtained  by  the  carboni 
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tion  of  bones  in  iron  retorts.     This  variety  of  charcoal  is  the  least 
pure  of  all  the  ordinary  forms  of  amorphous  carbon. 

Bone  contains  only  about  30  per  cent,  of  organic  matter,  the 
other  70  per  cent  consisting  chiefly  of  calcium  phosphate,  asso- 
ciated with  small  quantities  of  magnesium  phosphate  and  calcium 
carbonate.  It  will  be  obvious,  therefore,  that  as  the  carbon  is 
derived  from  the  organic  matter,  the  amount  of  it  in  carbonised 
bones  must  be  small.  The  average  composition  of  animal  char- 
coal is  found  to  be — 

Carbon *  lo.o 

Calcium  phosphate 88.0 

Other  saline  substaAces      .        .        .        .      2.0     . 


100.0 


Although  containing  relatively  so  small  an  amount  of  carbon, 
"animal  charcoal  possesses  many  of  the  valuable  properties  of 
charcoal  in  a  highly  marked  degree,  owing  to  the  fact  that  it  con- 
tains its  carbon  disseminated  throughout  an  extremely  porous  mass 
of  calcium  phosphate. 

Properties  of  Charcoal. — Charcoal  varies  very  considerably  in 
its  properties,  depending  upon  the  particular  wood  from  which  it 
is  obtained,  and  the  method  by  which  it  is  prepared.  Thus,  char-* 
coal  obtained  at  300*  is  a  soft,  brownish-black,  very  friable  material, 
having  an  igniting  point  as  low  as  38o^  On  the  other  hand, 
charcoal  prepared  at  very  high  temperatures  is  black  and  com- 
paratively dense,  and  requires  to  be  strongly  heated  in  order  to 
ignite  it. 

Under  ordinary  circumstances,  charcoal  bums  in  air  without  the 
formation  of  a  flame,  or  the  production  of  smoke.  At  high  tem- 
peratures, however,  the  combustion  of  charcoal  is  seen  to  be 
attended  by  a  flame.  This  is  probably  accounted  for  by  the  fact, 
that  as  the  temperature  at  which  the  combustion  of  carbon  takes 
place  is  raised  above  700%  the  amount  of  carbon  monoxide  which 
is  formed  increases,  and  the  carbon  dioxide  decreases.***" 

When  charcoal  is  thrown  upon  water  it  floats,  on  account  of  the 
air  which  is  enclosed  within  its  pores.  The  specific  gravity  of 
charcoal  when  thus  filled  with  air  varies  from  0.106  (charcoal  made 

*  Ernst,  Chemisches  Repertorium,  vol.  xvii.  p.  2. 
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from  the  ash)  to  p.203  (charcoal  from  the  birch).  If  the  air  be 
withdrawn  from  charcoal  it  sink^  in  water,  the  average  specific 
gravity  of  charcoal  itself  being  1.5. 

Ordinary  charcoal  is  a  bad  conductor  of  electricity,  but  its  con- 
ductivity is  greatly  increased  by  strongly  heating  the  charcoal  in 
closed  vessels. 

Charcoal  has  the  power  of  absorbing  gases  and  vapours  to  a 
remarkable  extent :  this  power,  which  is  exhibited  to  a  dif- 
ferent degree  by  the  various  kinds  of  charcoal,  is  due  to  the 
porosity  of  the  material,  whereby  it  exposes  a  very  large  sur- 
face ;  and  it  belongs  to  a  class  of  phenomena  known  as  surface 
action. 

If  a  fragment  of  charcoal,  recently*strongly  heated  to  expel  the 
air  from  its  pores,  be  passed  up  into  a  cylinder  of  ammonia  gas, 
standing  in  a  trough  of  mercury,  the  ammonia  will  be  gradually 
absorbed  by  the  charcoal,  and  the  mercury  will  ascend  in  the 
cylinder.  Saussure  found  that  recently  heated  beech-wood  char- 
coal was  capable  of  absorbing  ninety  times  its  own  volume  of 
ammonia  gas  ;  while  Hunter,  by  employing  charcoal  made  from 
cocoa-nut  shell,  found  that  171.7  volumes  of  ammonia  were  absorbed 
by  I  volume  of  charcoal.  The  results  of  both  of  these  experi- 
ments show  that  those  gases  are  absorbed  in  the  largest  quantities 
which  are  the  most  readily  liquefiable.  The  gas  so  held  by  the 
tharcoal  is  in  a  highly  condensed  condition  upon  the  surface  of 
the  porous  mass.  Probably  in  the  case  of  easily  liquefied  gases, 
such  as  ammonia,  sulphur  dioxide,  and  others,  the  gases  are. par- 
tially liquefied  upon  the  surface  of  the  charcoal.  In  this  condensed 
state  the  gas  is  more  chemically  active  than  under  ordinary  condi- 
tions, and  charcoal  is  therefore  able  to  induce  many  striking  com- 
binations to  take  place.  Thus,  if  charcoal  be  allowed  to  absorb 
chlorine,  and  dry  hydrogen  be  then  passed  over  it,  the  chlorine  is 
capable  of  combining  with  the  hydrogen  even  in  the  dark,  with  the 
formation  of  hydrochloric  acid.  This  chemical  activity  of  gases, 
when  absorbed  by  charcoal,  is  strikingly  exemplified  in  the  case 
of  sulphuretted  hydrogen.  If  a  quantity  of  powdered  charcoal, 
which  has  been  saturated  with  sulphuretted  hydrogen,  be  brought 
into  oxygen,  the  rapid  combination  of  the  two  gases  is  attended 
with  the  development  of  so  much  heat  that  the  charcoal  bursts 
into  active  combustion.  In  the  same  way  a  mixture  of  air,  with 
10  or  15  per  cent,  of  sulphuretted  hydrogen,  may  be  passed  rapidly 
through  a  tube,  about  a  metre   in    length,  filled  with  charcoal, 
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without  a  trace  of  sulphuretted  hydrogen  escaping  at  the  end.* 
Owing  to  this  property  charcoal  is  largely  employed  to  absorb 
n(9xious  gases,  the  atmospheric  oxygen  which  is  condensed  in  the 
pores  of  the  charcoal  oxidising  these  offensive  and  injurious  com- 
pounds ;  thus  sewer  ventilators  are  often  trapped  with  a  layer  of 
charcoal,  which  effectually  arrests  all  bad-smelling  gases. 

Charcoal  also  has  the  power  of  absorbing  colouring  matters  from 
solution  :  thus,  if  water  which  has  been  tinted  with  an  organic 
colouring  matter  be  shaken  up  with  powdered  charcoal  and  filtered, 
the  solution  will  be  found  to  be  entirely  decolourised.  The  variety 
of  charcoal  which  possesses  this  property  in  the  highest  degree  is 
animal  charcoal,  or  bone-black,  and  this  substance  is  largely  em- 
ployed in  many  manufacturing  processes,  such  as  sugar- refining, 
in  order  to  remove  all  colouring  matter  from  the  liquid. 

Charcoal  under  ordinary  conditions  is  unacted  upon  by  the  air, 
but  when  the  temperature  is  raised  it  enters  into  active  combus- 
tion, forming  carbon  dioxide.  In  an  extremely  divided  condition, 
however,  carbon  is  capable  of  combining  spontaneously  with  the 
oxygen  of  the  air,  and  with  so  much  energy  as  to  take  fire. 

CoaL — The  carbonaceous  minerals  that  are  included  under  the 
name  coal  are  an  impure  form  of  carbon,  containing  compounds 
of  carbon  with  hydrogen  and  oxygen.  Coal  is  the  final  result  of  a 
series  of  decomposition  changes  which  have  been  undergone  by 
vegetable  matter  of  the  remote  past,  the  process  having  extended 
over  long  geological  periods.  During  this  prolonged  process  a  por- 
tion of  the  carbon  and  "hydrogen  is  elim'mated  as  marsh  gas,  and 
large  quantities  of  this  gas  arc  found  associated  with,  and  occluded 
in,  coal. 

Rroadly  speaking,  the  numerous  varieties  of  coal  may  be  divided 
into  soft  or  bituminous,  and  hard  or  ant/inidtic. 

The  former  are  employed  for  the  manufacture  of  coal  gas  and 
for  ordinary  domestic  purposes  ;  they  burn  with  a  smoky  flame,  and 
evolve  large  quantities  of  gases  and  volatile  vapours  on  combus- 
tion or  distillation.  Anthracite  coal  is  much  harder,  ignites  with 
more  difficulty,  and  burns  with  the  formation  of  very  little  flame  or 
smoke.  It  contains  a  higher  percentage  of  carbon,  and  gives  out 
great  heat  on  combustion,  and  is  employed  largely  as  a  steam- 
coal. 

*  "  Chemical  Leclurc  Experiments,"  394  396,  new  ed. 
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The  following  table  shows  the  average  composition  of  coals  from 
various  sources,  and  the  general  difference  Ijetween  coals  of  the 
two  main  classes  : —  • 
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CHAPTER  IX 

CARBON  COMPOUNDS 

The  compounds  of  the  element  carbon  are  so  numerous  that  it 
has  been  found  convenient  to  constitute  the  study  of  these  sub- 
stances a  separate  branch  of  chemistry.  In  the  early  history  of 
the  science  it  was  believed  that  there  were  a  large  number  of 
substances  which  could  only  be  obtained  as  the  product  of  living 
organisms.  They  were  known  to  be  elaborated  by  the  action  of 
life,  or,  as  it  was  termed,  the  vital  force ^  and  it  was  believed  that 
owing  to  some  inherent  specific  quality  belonging  to  this  vital  force 
the  substances  produced  by  its  action  were  distinct  from  such 
substances  as  could  be  prepared  by  any  laboratory  processes.  To 
denote  this  distinction,  the  term  organic  was  applied  to  those  things 
which  were  known  to  be  the  products  of  living  organisms,  and 
other  compounds  were  distinguished  as  inorganic  substances.  This 
distinction  received  its  deathblow  in  1828,  when  Wohler  produced, 
by  purely  laboratory  processes,  one  of  the  most  typical  of  all  organic 
compounds,  namely,  urea.  The  names  "  organic  "  and  "  inorganic  ^ 
chemistry  are  still  retained,  but  their  old  significance  is  entirely 
gone,  as  no  distinction  is  to-day  recognised  between,  products  elabo- 
rated by  the  action  of  life  and  those  which  can  be  synthetically 
produced. 

Speaking  broadly,  organic  chemistry  may  be  described  as  the 
chemistry  of  the  carbon  compounds.  Nevertheless,  although  it  is 
quite  true  that  all  "  organic  compounds  "  contain  carbon,  it  has  not 
been  found  expedient  to  include  in  the  category  of  organic  com- 
pounds all  compounds  containing  carbon.  Not  because  there  is 
any  intrinsic  difference  in  these  compounds,  but  merely  from  con- 
siderations of  convenience.  The  following  may  be  mentioned  as 
examples  of  such  compounds  as  are  not  regarded  as  belonging  to 
the  "organic"  division:  compounds  of  carbon  with  the  metals, 
namely,  the  so-called  carbides^  of  which  cast  iron  and  calcium 

carbide  are  familiar  cases  ;  the  compounds  of  carbon  with  sulphur 
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and  the  extensive  series  of  thio-carbonates  ;  carbon  monoxide 
and  the  compounds  formed  by  its  direct  union  with  non-metals 
{e,g,  carbonyl  chloride,  &c.)  and  with  metals  {e.g  nickel  carbonyl, 
&c.)  ;  and  lastly,  carbon  dioxide  and  all  the  multitude  of  metallic 
carbonates.  Obviously,  therefore,  the  broad  distinction  above 
mentioned  must  not  be  regarded  as  a  definition.  Indeed,  it 
may  be  said  that  no  exact  definition  of  an  "  organic  "  compound  has 
ever  been  framed,  and  we  have  to  accept  the  general  statement 
that  "  organic "  chemistry  is  the  chemistry  of  the  carbon  com- 
pounds with  pertain  generally  acknowledged  exceptions. 

Amongst  the  compounds  of  carbon  which  will  be  briefly  treated 
of  in  these  chapters,  there  will  be  included  three  which  all  chemists 
agree  to  regard  as  organic  substances  :  these  are  methane  (marsh 
gas),  CH4 ;  ethylene,  C2H4 ;  and  acetylene,  C^Hj.  These  three  com- 
pounds play  an  important  part  in  our  ordinary  illuminating  flames 
and  in  coal  gas. 

Compounds  of  Carbon  with  Oxygen. 

Two  oxides  of  carbon  are  known,  both  of  which  are  colourless 
gases,  viz.  : — 

Carbon  monoxide CO. 

Carbon  dioxide 'COj. 

CABBON  MONOXIDE. 

Formula,  CO.     Molecular  weight =a8.     Density  =14. 

Modes  of  Formation.— (r.)  Carbon  monoxide  is  formed  when 
carbon  dioxide  is  passed  over  charcoal  heated  to  bright  redness — 

C02  +  C  =  2CO. 

The  same  result  is  obtained  when  a  slow  stream  of  air  or  oxygen 
is  passed  over  red-hot  charcoal  contained  in  a  tube.  The  first 
action  of  the  air  on  coming  in  contact  with  the  carbon  is  to  form 
carbon  dioxide,  which,  passing  over  the  remainder  of  the  heated 
material,  is  deprived  of  a  portion  of  its  oxygen  according  to  the 
above  equation.  This  operation  goes  on  in  an  ordinary  fire-grate  : 
the  air,  on  first  gaining  access  to  the  burning  coal  or  coke,  causes 
the  complete  oxidation  of  a  portion  of  the  carbon  to  carbon  dioxide  ; 
and  as  this  gas  passes  through  the  mass  of  red-hot  car!x)n  it  is 
reduced  to  the  lower  oxide,  which  either  escapes  with  the  other 
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products  of  combustion  or  becomes  ignited  and  bums  with  a 
lambent  bluish  flame  such  as  may  frequently  be  noticed  upon  the 
top  of  a  "  clear  "  fire. 

(2.)  When  steam  is  passed  over  strongly  heated  carbon  a  mixture 
of  carbon  monoxide  and  hydrogen  is  produced.  This  mixture, 
known  as  water  ^as^  is  employed  in  many  manufacturing  processes 
as  a  gaseous  fuel — 

HjO  +  C  =  CO  +  H^ 

(3.)  Carbon  monoxide  is  also  formed  by  the  action  of  carbon 
dioxide  upon  red-hot  iron — 

4COj + 3Fc  =  FegO*  +  4CO. 

(4.)  Or  by  strongly  heating  either  carbon  or  iron  with  a  car- 
bonate, such  as  calcium  carbonate,  which  is  capable  of  yielding 
carbon  dioxide,  thus — 

CaCO, + C  =  CaO  +  2CO. 
4CaC03  +  3Fe  =  Fc,04  +  4CaO  +  4CO. 

(5.)  Carbon  monoxide  is  most  conveniently  prepared,  by  the 
decomposition  of  certain  organic  compounds  by  means  of  sulphuric 
acid.  Thus,  when  formic  acid,  or  a  formate,  is  acted  upon  by  sul- 
phuric acid,  the  sulphuric  acid  withdraws  the  elements  of  water 
from  the  molecule  of  formic  acid,  and  leaves  carbon  monoxide — 

HCOOH-H,0  =  CO. 

(6.)  By  a  similar  decomposition,  oxalic  acid  yields  a  mixture  of 
carbon  monoxide  and  carbon  dioxide  in  equal  volumes — 

C,H,04  -  H3O  =  CO,  +  CO. 

The  carbon  dioxide  is  readily  removed  from  the  mixture,  by  passing 
the  gases  through  a  solution  of^sodium  hydroxide  (caustic  soda), 
in  which  carbon  dioxide  is  absorbed  with  the  formation  of  sodium 
carbonate.  ^ 

(7.)  The  method  usually  employed  when  carbon  monoxide  is 
required  for  experimental  purposes  consists  in  heating  a  mixture 
of  one  part  by  weight  of  crystallised  potassium  ferrocyanide  (yellow 
pnissiate  of  potash)  with  ten  parts  of  strong  sulphuric  acid  in  a 
capacious  flask,  when  the  following  reaction  takes  place — 

K^FeCeNe  +  i'M^O^  -*-  6H,0  =  'IKfiO^  +  FeS04 
+  3(NH4).S04  +  6CO. 
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The  six  molecules  of  water  required  by  the  reaction  are  derived 
partly  from  the  acid  employed  and  partly  from  the  salt,  which 
contains  three  molecules  of  water  of  crystallisation.* 

Properties. — Carbon  monoxide  is  a  colourless,  tasteless  gas, 
having  a  faint  smell.  It  is  only  slightly  soluble  in  water,  its  co- 
efficient of  absorption  at  o**  being  ao3287.  It  bums  in  the  air  with 
a  characteristic  pale-blue  flame,  forming  carbon  dioxide — 

When  mixed  with  half  its  own  volume  of  oxygen,  and  inflamed, 
the  mixture  explodes  with  some  violence.t  If  the  two  gases  be 
conflned  in  a  eudiometer  standing  over  mercury,  and  be  rendered 
absolutely  free  from  aqueous  vapour  by  powerful  desiccating  agents, 
no  explosion  will  take  place  upon  the  passage  of  an  electric  spark 
through  the  mixture.  And  in  the  same  way,  if  carbon  monoxide, 
which  has  been  deprived  of  all  aqueous  vapour,  be  burned  from  a 
jet  in  the  air,  and  the  jet  be  lowered  into  a  cylinder  containing  air 
which  has  been  similarly  dried,  the  flame  will  be  extinguished 
(see  page  191). 

Carbon  monoxide  is  an  extremely  poisonous  gas  :  very  small 
quantities  present  in  the  air  rapidly  give  rise  to  headache  and 
giddiness,  and  if  inhaled  for  a  length  of  time,  or  if  taken  into  the 
lungs  in  a  less  dilute  condition,  insensibility  and  death  quickly 
follow.  The  deaths  that  have  resulted  from  the  use  of  unventi- 
lated  fires — either  of  charcoal  or  coke,  or  in  some  cases  of  coal  gas 
— in  dwelling-rooms,  have  been  due  to  the  escape  of  this  poisonous 
gas  into  the  air.  The  extremely  deadly  nature  of  the  after-damp 
resulting  from  a  colliery  explosion  is  due  to  the  presence  of  carbon 
monoxide  in  the  carbon  dioxide  which  is  formed  as  a  product  of 
the  combustion. 

The  poisonous  action  of  this  gas  is  due  to  its  absorption  by  the  blood,  with 
the  formation  of  a  bright  red  compound,  to  which  the  name  carboxy-fitcmo' 
globin  is  applied.  Blood  so  charged  appears  to  be  unable  to  fulfil  its  function 
of  absorbing  and  distributing  oxygen  throui,'hout  the  system.  This  carboxy- 
haemoglobin  gives  a  characteristic  absorption  spectrum,  which  furnishes  a 
ready  method  of  detection  in  cases  of  poisoning  from  the  inhalation  of  carbon 
monoxide. 


*  *•  Chemical  Lecture  Expn^riments,"  new  ed.,  435-439. 

f  The  rate  at  which  the  combustion  is  propagated  throughout  a  mixture  of 
carbon  monoxide  and  oxygen  is  much  slower  than  through  hydrogen  and 
oxygen,     Bunsen  has  estimated  it  at  less  than  1  metre  per  second. 
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Carbon  monoxide  is  one  of  the  most  diflficultly  liquefiable  gases, 
its  critical  temperature  being  -  136*. 

At  high  temperatures  this  gas  is  a  powerful  reducing  agent, 
uniting  with  another  atom  of  oxygen  to  form  carbon  dioxide. 
This  fact  is  made  use  of  in  many  metallurgical  processes  for  re- 
ducing the  oxides  of  the  metals  to  the  metallic  state. 

Carbon  monoxide  is  absorbed  at  ordinary  temperatures  by  a 
solution  of  cuprous  chloride,  forming  the  compound  COCujClj. 

At  a  temperature  of  boiling  water,  carbon  monoxide  is  slowly 
absorbed  by  solid  potassium  hydroxide,  with  the  formation  of 
potassium  formate — 

KHO  +  CO  =  H-COOK. 

Carbon  monoxide  unites  directly  with  chlorine,  under  the  in- 
fluence of  sunlight,  forming  the  compound  known  ?iS  phosgene  gas ^ 
or  carbonyl  chloride — 

CO  +  Clj=COClj^ 

If  the  two  gases  are  mixed  "in  equal  volumes,  and  kept  in  the 
dark,  no  action  takes  place,  but  on  exposure  to  sunlight  they  com- 
bine, and  the  yellowish  colour  due  to  the  chlorine  will  disappear. 
On  opening  the  vessel  in  moist  air,  clouds  of  hydrochloric  acid 
are  formed,  owing  to  the  decomposition  of  carbonyl  chloride  by 
the  moisture,  according  to  the  equation — 

COCI,+  H,0=^C0,-H2HC1. 

• 

Carbonyl  chloride  may  be  readily  condensed  to  a  liquid,  its 
boiling-point  being  +  8*. 

Carbon  monoxide  unites  directly  with  certain  metals,  giving  rise 
to  compounds  which  possess  some  very  remarkable  properties, 
and  to  which  tKe  name  metallic  carponyls  has  been  applied  by 
their  discoverer.* 

When  carbon  monoxide  is  allowed  to  stream  slowly  over  metallic 
nickel  (obtained  by  the  reduction  of  nickel  oxide  in  a  stream  of 
hydrogen),  the  gas  is  absorbed  by  the  finely-divided  metal,  forming 
a  compound  having  the  composition  Ni(CO)4.  If  the  issuing  gas 
be  passed  through  a  cooled  tube,  the  nickel  carbonyl  condenses 
to  a  colourless,  mobile,  highly  refracting  liquid,  having  a  specific 
gravity  at  0°  of  1.356,  and  boiling  at  43"  under  a  pressure  of 
751  mm.t 

•  Mond,  1890. 
t  See  "Chemical  Lecture  Experiments/'  new  ed.,  w6-v^* 
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Nickel  carbonyl  vapour  burns  with  a  luminous  flame,  which 
produces  a  black  deposit  of  metallic  nickel  when  a  cold  porcelain 
dish  is  depressed  upon  the  flame.  The  gas  is  decomposed  into 
nickel  and  carbon  monoxide  if  passed  through  a  hot  glass  tube, 
the  nickel  being  deposited  as  a  bright  metallic  mirror  upon  the 
glass— 

Ni(CO)4=4CO  +  Ni. 

A  similar  compound  of  carbon  monoxide  and  iron  has  also  been  obtained, 
having  the  composition  Fe(CO)^  Iron  carbonyl  is  a  pale-yellow,  viscous 
liquid,  boiling  at  loa.S*'  under  a  pressure  of  749  mm.  Its  specific  gravity  at 
18^  is  1.4664.  When  heated  to  iSo**  the  vapour  is  decomposed,  iron  being 
deposited  and  carbon  monoxide  being  evolved.  This  compound  has  been  found 
in  iron  cylinders  in  which  the  soH»lled  water  gas  (a  mixture  of  H  and  CO)  has 
been  stored  under  pressure  for  a  length  of  time ;  it  is  also  said  to  be  present  in 
minute  quantities  in  coal  gas. 


CAKBON  DIOXIDE. 

Formula,  COa-     Molecular  weight  =44.     Density =22. 

History. — Van  Helmont  in  the  seventeenth  century  was  the  first 
to  distinguish  between  this  gas  and  ordinary  air  :  lie  observed  that  it 
was  formed  during  the  processes  of  combustion  and  fermentation, 
and  he  applied  to  it  the  name  gas  syhfestre.  Black  showed  that 
this  gas  was  a  constituent  of  what  in  his  day  were  known  as  the 
mild  alkalis  (alkaline  carbonates),  and  on  account  of  its  being  so 
combined,  or  fixed,  in  these  substances,  he  named  the  gas  fixed 
air,  Lavoisier  first  proved  its  true  chemical  composition  to  be 
that  of  an  oxide  of  carbon.  ^ 

Occurrence. — Carbon  dioxide  is  a  constant  constituent  of  the 
atmosphere,  being  present  to  the  extent  of  about  3  volumes  in 
10,000  volumes  of  air.  It  is  also  found  in  solution  in  all  spring- 
water,  which  is  sometimes  so  highly  charged  with  this  gas  under 
pressure  that  the  water  is  effervescent,  or  "  sparkling,"  from  the 
escape  of  the  gas.  Carbon  dioxide  is  evolved  in  large  quantities 
from  vents  and  fissures  in  the  earth  in  volcanic  districts.  The 
well-known  Poison  Valley  in  Java,  which  is  an  old  volcanic  crater, 
and  the  Grotto  del  Cane  near  Naples,  owe  their  peculiar  pro- 
perties to  the  discharge  into  them  of  large  quantities  of  carbon 
dioxide  from  such  subterranean  sources. 
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Modes  of  Fomuition. — (i.)  Carbon  dioxide*  is  produced  when 
carbon  is  burnt  with  a  free  supply  of  air  or  oxygen — 

c+o,=co^ 

If  an  insufficient  supply  of  oxygen  be  employed,  carbon  mon- 
oxide is  produced  at  the  same  time. 

(2.)  When  limestone  or  chalk  is  strongly  heated,  as  in  the 
process  of  burning  lime,  carbon  dioxide  is  evolved  in  large 
quantities — 

CaC03=CaO  +  CO^ 

(3.)  In  the  ordinary  processes  of  fermentation,  and  during  the 
decay  of  many  organic  substances,  carbon  dioxide  is  also  formed. 


Fig.  62. 

Thus,  when  sugar  undergoes  alcoholic  fermentation  by  means  of 
yeast,  the  sugar  is  converted  into  alcohol  and  carbon  dioxide — 

CiiH^aO,,  +  H2O  =  ^Q^Wfi  +  4CO2. 

(4.)  Carbon  dioxide  is  formed  during  the  process  of  respiration  ; 
also  by  the  combustion  of  all  ordinary  fuels,  and  of  any  compound 
containing  carbon,  such  as  candles,  oils,  gas,  &c. 

(5.)  Vox  experimental  purposes,  carbon  dioxide  is  most  readily 
obtained  by  the  decomposition  of  a  carbonate  by  means  of  a 
stronger  acid.  The  effervescence  that  results  from  the  action  of 
tartaric  acid  upon   sodium  bicarbonate,  in  an  ordinary  Seidlitz 

•  Experiments  on  carbon  dioxide,  Nos.  400-434,  "  Chemical  Lecture  Ex- 
periments," new  ed. 
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poH-der,  is  due  to  ihc  disengagctnenl  ai  this  gAs.  The  most 
venient  carbonate  for  the  preparation  of  this  g-as  is  calcium 
carbonate,  in  one  of  its  many  naturally  occurring  forms,  such  as 
niarblc,  limestone,  or  chalk.  Fiagments  of  marble  are  for  litis 
purpose  placed  in  a  Iwo-necked  battle  {Fig.  62),  with  a  quantity  of 
water,  and  strong  hycltochloric  acid  is  ndded  by  means  of  the 
(unnel-tube.      A  rapid  effervescence  takes  place  -owinif  to 


f^ 


elimination  of  the  gas,  and  a  solution  of  calcium  chloi 
in  the  bottle— 

CaC0j+2HCUCaCl,^  H,0  t  Ch.,. 

If  sulphuric  acid  be  substituted  for  hydrochloric  acid,  the  frag'4 
ments  of  marble  rapidly  beconie  coaled  with  a  crust  of  insotublttf 
calcium  sulphate,  which- soon  prevents  the  further  a 
acid,  and  therefore  puts  an  end  to  the  reaction  :    by  employing 
finely  powdered  chalk,  however,  instead  of  lumps  of  calcium  e 
btmate,  this  diDiculty  is  obviated.     This  gas  is  largely  mantri 
fjiiuied  from  these  materials. 

Properties.  — Carbon  dioxide  is  a  colourless  gas,  having  a  feeblj 
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acid  taste  and  a  feint  and  pleasantly  pungent  smell.  It  is  incap- 
able of  supporting  either  combustion  or  respiration;  a  burning 
taper  is  instantly  extinguished,  and  an  animal  speedily  dies  when 
introduced  into  this  gas.  Although  carbon  dioxide  is  not  such  a 
poisonous  compound  as  the  monoxide,  it  nevertheless  does  exert 
a  direct  poisonous  effect  upon  the  system,  and  death  caused  by 
this  gas  is  not  merely  due  to  the  absence  of  oxygen.  The  pro- 
longed inhalation  of  air  containing  only  a  very  slightly  increased 
amount  of  carbon  dioxide  has  a  distinctly  lowering  effect  upon 
the  vitality. 

Carbon  dioxide  is  a  heavy  gas,  being  about  one  and  a  half 
times  heavier  than  air.  On  this  account  it  may  readily.be  col- 
lected by  displacement.  By  virtue  of  its  great  density  it  may  be 
poured  from  one  vessel  to  another,  much  in  the  same  way  as  an 
ordinary  liquid  :  thus,  if  a  large  bell-jar  be  filled  with  the  gas  by 
displacement,  a  beaker-full  may  be  drawn  up,  as  water  from  a 
well  (Fig.  63).  If  the  gas  so  drawn  up  be  poured  into  a  similar 
beaker,  suspended  from  the  arm  of  a  balance,  and  counterpoised, 
the  weight  of  the  gas  will  be  evident  by  the  disturbance  of  the 
equilibrium  of  the  system. 

If  a  soap  bubble  be  allowed  to  fall  into  a  large  jar  filled  with 
carbon  dioxide,  it  will  be  seen  to  float  upon  the  surface  of  the 
dense. gas  (Fig.  64).  The  power  of  carbon  dioxide  to  extinguish 
flame  is  so  great,  that  a  taper  will  not  bum  in  air  in  which  this  gas 
is  present  to  the  extent  of  2.5  per  cent,  and  in  which  the  oxygen 
is  reduced  to  18.5  per  cent.  For  this  reason  a  comparatively  small 
quantity  of  carbon  dioxide,  brought  into  the  air  surrounding  a  burn- 
ing body,  is  capable  of  extinguishing  the  flame.  This  property  has 
been  put  to  valuable  service  in  the  construction  of  numerous  con- 
trivances for  extinguishing  fire,  such  as  the  "  extincteur."  This  is 
a  metal  vessel  containing  carbon  dioxide  under  pressure,  the  gas 
having  been  generated  within  the  closed  apparatus  by  the  action 
of  dilute  sulphuric  acid  upon  sodium  carbonate.  A  stream  of  the 
gas,  projected  judiciously  upon  a  moderate  conflagration  in  a 
dwelling,  readily  extinguishes  the  fire.  This  property  may  be 
illustrated  by  inflaming  a  quantity  of  turpentine  in  a  dish,  and 
pouring  upon  the  flames  a  quantity  of  carbon  dioxide  contained 
in  a  large  bell-jar  (Fig.  65),  when  it  will  instantly  extinguish  the 
conflagration. 

Although  carbon  dioxide  is  incapable  of  supporting  combus- 
tion in  the  ordinary  sense,  certain  metals  are  capable  of  bum- 
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iog  in  this  gas.  Thus,  a  Iragment  of  potas«um  when  heated 
in  this  gas  bums  brightly,  fonning  potassium  carbonate  with 
the  deposition  of  carbon — 

2K,+3CO,=2K,CO,+  C. 

When  carbon  dioxide  is  passed  into  a  solution  of  calcium 
hydroxide  (lime  water)  a  turbidity  at  once  results,  owing  to  the 
precipitation  of  insoluble  calcium  carbonate  or  chalk — 

CaH,0,+  CO,=CaCOj  +  H,0. 

furnishes  the  readiest  means  for  the  detection  of 


carbon  dioxide.  Thus,  if  the  gas  obtained  by  any  of  the  modes  of 
formation  described  be  passed  into  clear  lime  water,  the  formation 
of  this  white  precipitate  of  chalk  is  proof  thai  the  gas  is  carbon 
dioxide.  By  this  test  it  may  readily  be  shown  that  carbon  dioxide 
is  a  product  of  respiration,  by  merely  causing  the  exhaled  breath 
in  bubble  through  a  quantity  of  lime  water,  which  will  quickly  be 
rendered  turbid. 

Carbon  dioxide  is  moderately  soluble  in  water.  At  the  ordinary 
temperature  water  dissolves  about  its  own  volume  of  this  gas. 

The  coefficient  of  absorption  at  o*  is  1.7967,  the  solubility  de- 
creasing with  rise  of  temperature  in  accordance  with  the  inter- 
polation  formula — 

(■=1.7967 -0.07761/+ 0.0016424/'. 
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Carbon  dioxide  shows  a  slight  departure  from  Henry's  law 
(see  page  143),  when  the  pressures  are  greater  than  that  of  the 
atmosphere.  Thus,  when  the  pressure  is  doubled,  the  amount  dis- 
solved is  slightly  more  than  doubled.  The  solubility  of  carbon 
dioxide  in  water,  and  its  increased  solubility  under  pressure,  is 
illustrated  in  the  ordinary  aerated  waters.  Water  under  a  pres- 
sure of  several  atmospheres  is  saturated  with  the  gas,  and  upon 
the  release  of  this  pressure  by  the  withdrawal  of  the  cork  the 
excess  of  gas,  over  and  above  that  which  the  water  can  dissolve  at 
the  ordinary  pressure,  escapes  with  the  familiar  effervescence.  In 
a  similar  manner  the  natural  aerated  waters  have  thus  become 
charged  with  carbon  dioxide,  under  subterranean  pressure,  and 
when  such  waters  come  to  the  surface  the  dissolved  gas  begins 
to  make  its  escape. 

The  solution  of  carbon  dioxide  in  water  is  feebly  acid,  turning 
blue  litmus  to  a  port- wine  red  colour,  characteristically  different 
from  the  scarlet  red  given  by  stronger  acids.  This  acid  may  be 
regarded  as  the  true  carbonic  acid — 

COj+HjiO^HjjCOj. 

A  recently-made  sample  of  aerated  water  is  seen  to  effervesce 
more  briskly  and  give  off  the  dissolved  gas  more  rapidly  than 
specimens  that  have  been' long  preserved.  In  process  of  time  the 
dissolved  carbon  dioxide  gradually  combines  with  the  water,  with 
the  formation  of  carbonic  acid,  an  unstable  compound  which  slowly 
decomposes  into  carbon  dioxide  and  water,  especially  at  a  slight 
elevation  of  temperature.  Many  of  the  naturally  occurring  aerated 
waters,  such  as  Apollinaris,  when  opened  exhibit  scarcely  any 
effervescence,  but  give  off  carbon  dioxide  gradually.  Such  waters 
have  in  all  probability  been  expensed  to  pressure  for  a  great  length 
of  time,  and  their  dissolved  carbon  dioxide  has  almost  entirely 
combined  to  form  carbonic  acid.  When  such  a  water  is  gently 
warmed  a  rapid  stream  of  gas  is  evolved. 

When  carbon  dioxide  is  strongly  heated,  as  by  the  passage  of 
electric  sparks,  it  is  partially  dissociated  into  carbon  monoxide 
and  oxygen.  This  decomposition  is  never  complete  ;  for  when 
the  amount  of  these  two  gases  in  the  mixture  reaches  a  certain 
proportion,  they  reunite  to  form  carbon  dioxide,  and  a  point  oif 
equilibrium  is  reached  when  as  many  molecules  are  united  as  are 
dissociated  in  the  same  time. 

Liquid  Carbon  Dioxide. — Carbon  dioxide  is  easily  liquefied. 

\3 
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At  -  5*  it  requires  a  pressure  o{  30.8  atmospheres  ;  at  -*-  5',  40.4 
atmospheres;  while  at  +15**  a  pressure  of  52.1  atmospheres  is 
required 

Faraday  first  liquefied  this  gas,  by  introducing  into  a  strong  bent 
glass  tube  a  quantity  of  sulphuric  acid  and  a  few  lumps  of  ammo- 
nium carbonate,  which  were  prevented  from  touching  the  acid  by 
means  of  a  plug  of  platinum  foil.  The  tube  was  then  hermetically 
sealed,  and  the  acid  allowed  gently  to  come  in  contact  with  the 
carbonate,  which  was  at  once  decomposed  with  the  formation  of 
ammonium  sulphate  and  carbon  dioxide.  By  the  internal  pres- 
sure exerted  by  the  evolved  gas,  aided  by  the  application  of  cold 
to  one  end  of  the  bent  tube,  the  gas  condensed  to  a  colourless 
liquid. 

Large  quantities  of  this  liquefied  gas  were  obtained  by  Thilorier 
by  a  precisely  similar  method,  the  experiment  being  performed  in 
strong  wrought-iron  vessels. 

Liquid  carbon  dioxide  is  to-day  manufactured  on  a  large  scale, 
by  pumping  the  gas  into  steel  cylinders  by  means  of  powerful 
compression  pumps.  The  enormous  volumes  of  carbon  dioxide 
evolved  in  the  process  of  brewing,  and  which  until  quite  recently 
were  allowed  to  escape  into  the  atmosphere,  are  now  utilised  for 
this  purpose.  The  gas,  as  it  is  evolved  from  the  fermenting  vats, 
is  washed  and  purified,  and  pumped  into  steel  bottles  for  the 
market.  In  this  form  the  gas  is  largely  employed  by  manufac- 
turers of  aerated  waters,  and  also  as  the  refrigerating  agent  in 
"  cold  storage." 

Liquid  carbon  dioxide  is  a  colourless  and  extremely  mobile 
liquid,  which  floats  upon  water  without  mixing.  It  boils  at  -80** 
under  atmospheric  pressure. 

When  heated,  liquid  carbon  dioxide  expands  at  a  more  rapid 
rate  than  a  gas,  its  coefficient  of  expansion  being  greater  than  that 
of  any  known  substance.  Its  rapid  change  of  volume  is  seen  by 
the  following  figures  : — 
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The  critical  temperature  of  carbon  dioxide  is  3i.35\  If  tJie  liquid 
be  heated  to  this  point,  it  passes  into  the  gaseous  state  without  any 
change  of  volume.     The  line  of  demarcation  between  the  liquid 
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and  gas  in  the  tube  gradually  fades  away,  and  the  tube  appears 
filled  with  gas.  Above  this  temperature  no  additional  pressure  is 
able  to  liquefy  the  gas.  On  once  more  cooling  the  tube,  when  the 
critical  point  is  passed  the  liquid  again  appears,  and  the  dividing 
line  between  it  and  the  gas  is  once  more  sharply  defined. 

Solid  Carbon  Dioxide* — When  liquid  carbon  dioxide  is  allowed 
to  escape  into  the  air  the  absorption  of  heat  due  to  its  rapid  eva- 
poration causes  a  portion  of  the  liquid  to  solidify.  This  solid  is 
most  conveniently  collected  by  allowing  the  jet  of  liquid  to  stream 
into  a  round  metal  box  (Fig.  66), in  which  it  is  caused  to  revolve  by 
being  made  to  impinge  upon  the  curved  tongue  of  metal.  The  box 
is  furnished  with  hollow  wooden  handles,  through  which  the  gas 
makes  its  escape.  Considerable  quantities  of  the  frozen  carbon 
dioxide  can  in  this  way  be  collected  in  a  few  minutes. 

On  a  larger  scale  the  brass  box  is 
substituted  by  a  canvas  bag,  which  is 
simply  tied  over  the  nozzle  of  the  cylinder 
containing  the  liquefied  gas,  and  a  rapid 
stream  of  the  liquid  allowed  to  escape 
into  it. 

Solid  carbon  dioxide  is  a  soft,  white, 
snow-like  substance.  When  exposed  to 
the  air  it  quickly  passes  into  gas,  without 
going  through  the  intermediate  state  of 
liquidity. 

Solid  carbon  dioxide  is  readily  soluble 
in  ether,  and  this  solution  constitutes  one 
of  the  most  convenient  sources  of  cold. 
A  large  number  of  gases  can  readily  be 
liquefied  by  being  passed  through  tubes 

immersed  in  this  freezing-mixture.  When  this  ethereal  solution 
is  rapidly  evaporated  its  temperature  can  be  lowered  to  -  IIo^ 

"  Carbonic  acid  snow,"  as  this  substance  is  sometimes  termed,  is 
now  an  article  of  commerce,  the  compound  being  sent  into  the 
market  in  this  form  to  avoid  the  cost  of  the  carriage  of  the  neces- 
sarily heavy  steel  bottles  containing  the  liquid. 

Composition  of  Carbon  Dioxide.— When  carbon  bums  in 

oxygen,  the  oxygen  undergoes  no  change  in  volume  in  being  tran^*- 
formed  into  carbon  dioxide.  The  volume  of  carbon  dioxide  produced 
is  the  same  as  that  of  the  oxygen  which  is  required  for  its  produc- 
tion.    This  may  be  shown  by  means  of  the  apparatus  (Fig.  67). 
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The  bulb  of  the  U-lube  is  filled  with  oxygen,  and  the  stopper, 
which  carries  a  small  bone-ash  crucible  upon  which  a  fragment 
of  charcoal  is  placed,  is  lowered  into  position.  The  charcoal  is 
ignited  by  means  of  a  thin  loop  of  platinum  wire,  as  shown  in  the 
figure,  which  can  be  heated  by  an  electric  current.  As  the  carbon 
burns  the  heat  causes  a  temporary  expansion  of  the  included  gas  ; 
but  after  the  combustion  is  complete  and  the  apparatus  has 
cooled,  the  level  of  mercury  will  be  found  to  be  undisturbed. 
Carbon  dioxide,  therefore,  contains  its  own  volume  of  oxygen. 
From  this  experiment  the  composition  of  carbon  dioxide  by  weight 
can  be  deduced.  One  litre  of  carbon  dioxide  weighs  22  crilhs  ; 
deducting  from  this  the  weight  of  1  litre  of  oxygen,  vit.,  16 
criths,  we  get  6  as  a  remainder.  Six  parts  by 
weight  of  carbon,  therefore,  combine  with  16 
parts  by  weight  of  oxygen  to  form  22  parts 
of  carbon  dioxide  :  expressing  this  proportion 
itomically,the  proportion  of  carbon  to  oxygen 

S   T2  to  32. 

The  gravimetric  composition  of  carbon 
dioxide  may  be  directly  determined  by  the 
combustion  of  a  known  weight  of  pure  carbon 
1  Stream  of  oxygen  gas,  and  absorbing  and 
weigliing  the  carbon  dioxide  that  is  formed. 
is  was  done  with  great  care  and  accuracy 
by  Dumas  and  Stas  in  the  experiments  by 
w:iich  they  determined  the  atomic  weight  of 
carlK>n.  Fig,  6S  represents  the  apparatus  em. 
ployed  for  this  purpose.  A  weighed  quantity 
talncd  ill  a  small  platinum  boat,  was  introduced  Into 
n  tube,  which  could  be  strongly  heated  in  a  furnace.  The 
oxygen  for  its  combustion  was  contained  in  a  glass  bottle,  from 
which  it  could  be  expelled  b)'  allowing  water  to  enter  throutjh  the 
funnel.  As  it  was  necessary  that  the  oxygen  should  be  absolutely 
free  from  any  carbon  dioxide,  the  water  used  In  the  little  gas- 
holder contained  potassium  hydroxide  in  solution.  The  oxygen 
was  then  passed  through  the  tubes  A,  B,  C,  in  order  to  deprive  it 
of  carbon  dioxide  and  moisture,  and  lastly  through  a  small  desic- 
cating tube,  </,  which  was  weighed  before  and  after  the  experiment. 
The  pure  dry  oxygen  then  entered  the  strongly  heated  tube,  and 
the  carbon  there  burnt  away  to  carbon  dioxide,  leaving  a  minute 
quantity  of  ash.  which  was  carefully  weighed  at  the  conclusion  of 
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the  experiment.  A  small  layer  of  copper  oxide  was  placed  in  the 
tube,  in  the  position  indicated 
in  the  figure,  in  order  to  oxidise 
any  traces  of  carbon  monoxide 
which  were  liable  to  be  formed 
into  the  dioxide.  The  product 
of  the  combustion  was  carried 
forward  by  the  stream  of  oxygen 
through  a  series  of  tubes  ;  d' 
is  a  small  weighed  desiccating 
tube,  the  weight  of  which,  if 
the  diamond  used  contained  no 
hydrogen,  should  remain  un- 
changed. It  then  passes  through 
the  bulbs  F  and  G,  where  the 
carbon  dioxide  is  entirely  ab- 
sorbed. To  arrest  aqueous 
vapour,  which  would  be  carried 
away  from  the  solution  in  these 
bulbs  by  the  escaping  oxygen, 
the  gas  is  piassed  through  H, 
containing  fragments  of  solid 
potassium  hydroxide  ;  this  tube 
is  weighed  along  with  the  potash 
bulbs.  K  is  a  guard  tube  con- 
taining fragments  of  solid  potas- 
sium hydroxide,  in  order  to 
prevent  atmospheric  carbon 
dioxide  and  moisture  from  gain- 
ing access  to  the  weighed  por- 
tions of  the  apparatus. 

The  weight  of  the  diamond 
minus  the  weight  of  the  ash 
which  was  left  gave  the  actual 
weight  of  the  carbon  burnt  ; 
the  increase  in  weight  of  the 
lubes  gave  the  weight  of  the 
carbon  dioxide  which  was  pro- 
duced, and  this  weight,  minus 
the  weight  of  carbon  used,  gave 
the  weight  of  oxygen  that  was 
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consumed.  As  a  mean  of  a  number  of  experiments,  Dumas  and 
Stas  found  that  80  parts  of  oxygen  by  weight  combined  with  29.99 
parts  of  carbon. 

From  a  knowledge  of  the  density  of  carbon  dioxide  and  the 
volume  of  oxygen  it  contains,  we  know  that  the  molecule  of  this 
gas  contains  two  atoms  ;  therefore,  by  the  simple  equation — 

80  :  32  :  :  29.99  :  11.99, 

11.99  p^rts  of  carbon  combine  with  32  parts  of  oxygen,  and  the 
number  1 1.99  is  therefore  the  atomic  weight  of  carbon  as  determined 
by  these  chemists. 

The  Carbonates. — Although  carbonic  acid,  HjCOj,  is  a  very 
unstable  compound,  the  salts  it  forms  are  stable.  Being  a  dibasic 
acid,  it  is  capable  of  forming  salts  in  which  either  one  or  both  of 
the  hydrogen  atoms  have  been  replaced  by  an  equivalent  of  a 
metal ;  thus  in  the  case  of  sodium  we  have — 

(i)  Disodiuni  carbonate  (normal  sodium  carbonate)  .   Na^COs. 

(2)  Hydrogen  sodium  carbonate  (bicarbonate  of  soda)      .  HNaCOj. 

Similarly,  with  the  divalent  metal  calcium,  it  is  possible  to  form — 

(i)  Normal  calcium  carbonate CaCOj, 

and — 

(2)  Hydrogen  calcium  carbonate  (bicarbonate  of  lime)     .  CaH^ICOg)}. 

The  formation  of  carbonates  by  the  action  of  carbon  dioxide  upon 
the  hydroxides  may  be  illustrated  by  the  following  equations  : — 

2KH0  +  C02=  K2CO3+  H2O. 
CaH202  +  C02=CaC03+  HjO. 

The  first  of  these  changes  is  the  one  that  takes  place  when 
carbon  dioxide  is  absorbed  by  the  potassium  hydroxide  employed 
by  Dumas  and  Stas  in  the  course  of  their  experiments  already 
described.  The  second  equation  represents  the  reaction  which 
results  when  carbon  dioxide  is  passed  into  lime  water,  with  the 
precipitation  of  chalk.  In  this  latter  case,  if  the  gas  be  passed 
through  the  turbid  solution  for  some  time,  the  turbidity  will  gradu- 
ally disappear,  and  the  solution  once  more  become  clear.  The 
normal  calcium  carbonate  (CaCOg)  which  is  first  formed,  and 
which  is  insoluble,  is  converted  into  the  soluble  bicarbonate, 
CaH^fCOj)^     If  this  solution  be  boiled,  this  unstable  salt  is  de- 
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composed  with  the  evolution  of  carbon  dioxide  and  water  and  the 
reprecipitation  of  the  normal  calcium  carbonate — 

CaH2(C03)a  =  CaC03  +  HjO  +  COj. 

The  presence  of  this  compound  in  natural  waters  is  associated 
with  the  property  known  as  the  hardness  of  water  (see  Natural 
Waters,  p.  221). 

When  one  volume  of  dry  carbon  dioxide  is  mixed  with  two  volumes  of  dry 
ammonia,  the  two  gases  unite,  forming  a  compound  known  as  ammonium 
carbamate — 

COa  +  2NH,=CO„2NH,or  ^^q  }cO, 

which  is  the  ammonium  salt  of  the  unknown  carbamic  acid,  uq'  \  CO. 

The  relation  between  this  compound  and  carbamide  or  urea  will  be  obvious 

NH   ) 
by  an  inspection  of  the  formula    ji^ij'  [  CO. 

This  substance  was  the  first  "  organic  "  compound  which  wa?  e\er  obtained 
from  purely  inorganic  sources  (page  395).  It  can  be  obtained  by  the  action  of 
carbonyl  chloride  upon  ammonia — 

COCl3+4NH,=CO(NH3)j+2NH4Cl. 


CHAPTER  X 
COMPOUNDS  OF  CARBON  WITH  HYDROGEN 

These  two  elements  unite  together  in  various  proportions,  form- 
ing an  enormous  number  of  compounds  known  generally  under 
the  name  of  the  hydrocarbons.  The  reason  for  the  existence  of  so 
great  a  number  of  compounds  of  these  two  elements  is  to  be  found 
in  the  fact  that  the  atoms  of  carbon  possess,  in  a  very  high  degree, 
the  property  of  uniting  amongst  themselves.  This  property  of 
carbon  gives  rise  to  the  formation  of  a  number  of  groups  or  series 
of  compounds  the  members  of  which  are  related  to  each  other 
and  to  the  simplest  member  of  the  series.  Thus  the  compound 
methane,  CH4,  is  the  simplest  member,  or  the  "  foundation-stone," 
of  a  series  of  hydrocarbons  of  which  the  following  are  the  first 
four  : — 


Methane    .     .     .     CH4 
Ethane ....     C^Hq 


Propane  .     .     .     C^H^ 
Butane    .     .     .     C4H,o 

It  will  at  once  be  seen  that  each  compound  differs  in  composi- 
tion from  its  predecessor  by  an  increment  of  CHg,  and  that  each 
may  be  expressed  by  the  general  formula,  CnH2n+2- 

Such  a  series  of  compounds  is  known  as  a  homologous  series,  and 
any  one  member  is  called  a  homologue  of  any  other. 

In  the  following  chapter  the  three  hydrocarbons,  methane, 
ethylene,  and  acetylene,  will  be  briefly  studied.  Each  of  these  is 
a  "  foundation-stone,"  or  starting-point,  of  a  series  similar  to  the 
one  already  mentioned  ;  thus — 

Methane,    CH4,   first  member  of  the  CnHjn-Hi  scries  of  hydrocarbons. 

Ethylene,    Q^^^,        ,,  ,,  CnHjH 

Acetylene,  C^Hg         .,  ,,  CnH^n-a      ..  •. 

METHANE  {Marsh  Gas—Fire-Damp). 
Formula,  CH 4.     Molecular  weight =16.4.     Density =8.2. 

Occurrence. — Methane  is  found  in  the  free  state  in  large  quan- 
tities in  nature.     It  is  one  of  the  products  of  the  decompositions 

3" 
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which  has  resulted  in  the  fonnation  of  the  coal-measures.  It  is 
therefore  found  in  enormous  quantities  in  coal  mines,  where  it 
not  only  occurs  in  vast  pent-up  volumes,  under  great  pressure, 
which  escape  with  a  rushing  sound  when  the  coal  is  being  hewn  ; 
but  it  is  also  occluded  within  the  pores  of  the  coal.  Methane  is 
also  evolved  from  petroleum  springs. 

The  name  marsh  gas  has  been  given  to  t^is  compound,  on 
account  of  its  occurrence  in  marshy  places  by  the  decomposition  of 
•vegetable  matter..  The  bubbles  of  gas  which  rise  to  the  surface 
when  the  mud  at  the  bottoni  of  a  pond  is  gently  disturbed  consist 
largely  of  marsh  gas. 

Modes  of  Formation.^ I.)  When  a  mixture  of  sodium  acetate 
and  sodium  hydroxide  is  strongly  heated 
in  a  copper  retort,  sodium  carbonate  is 
produced  and  marsh  gas  is  evolved — 

CHjCOONa  +  NaHO  =  NajCO,  +  CH4. 

The  gas  obtained  by  this  reaction  always 
contains  more  or  less  hydrogen. 

(2.)  Pure  methane  may  be  obtained  by 
the  decomposition  of  zinc  methyl,  by  means 
of  water — 

Zn(CH3)3  +  2H30  =  ZnHjOjj  +  2CH4. 

(3.)  The  most  convenient  method  for 
preparing  methane  is  by  the  action  of  ?inc- 
copper  couple  upon  methyl  iodide.*     For  '  ^ 

this  purpose  the  zinc-copper  couple  is  placed  in  a  small  flask,  and 
a  mixture  of  equal  volumes  of  methyl  iodide  and  methyl  alcohol  is 
introduced  by  means  of  the  stoppered  funnel  (Fig.  69).  The  gas 
is  caused  to  pass  through  a  tube  filled  with  the  zinc-copi>er  couple, 
whereby  it  is  deprived  of  any  vapour  of  the  volatile  methyl  iodide, 
and  is  collected  over  water  in  the  pneumatic  trough. 

The  reaction  which  takes  place  is  essentially  a  reduction  of  the 
iodide  by  means  of  the  nascent  hydrogen  produced  by  the  action 
of  the  zinc-copper  couple  upon  the  alcohol  or  the  water  present, 
and  may  therefore  be  represented  by  the  equation — 

CH3l+2H  =  CH4+HI. 


*  "Chemical  Lecture  Experiments,"  newed.,  No.  449. 
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The  hydriodic  acid  must  not  be  regarded  as  escaping  as  such, 
but  in  the  presence  of  the  zinc  forming  a  compound  with  it.  If  water 
only  is  present,  the  compound  Znl'HO  is  formed  ;  while  if  methyl 
alcohol  is  employed  the  zinc  compound  will  have  the  composition 
Znl'CHjO :  the  complete  equation  (omitting  the  copper  which  does 
not  enter  into  the  chemical  change)  being — 

CH3l  +  Zn  +  H-CH30  =  CH4  +  ZnICH30. 

Marsh  gas  is  form^  during  the  process  of  the  distillation  of  coal,  and  is 
therefore  a  large  constituent  of  coal  gas,  the  amount  varying  from  35  to  40 
per  cent 

PropOFties. — Methane  is  a  colourless  gas,  having  no  taste  or 
smell.  It  bums  with  a  pale,  feebly  luminous  flame.  When  mixed 
with  air  or  oxygen  and  ignited  the  mixture  explodes  with  violence. 
The  products  of  its  combustion  are  water  and  carbon  dioxide, 
the  methane  requiring  twice  its  own  volume  of  oxygen  for  its 
complete  combustion,  and  yielding  its  own  volume  of  carbon 
dioxide — 

Methane  is  only  about  one-half  as  heavy  as  air,  its  specific 
gravity  being  0.55  (air=  i).  Tht  fire-damp  of  coal  mines  is  nearly 
pure  methane,  its  average  composition  being — 

Methane 96.0 

Carbon  dioxide 0.5 

Nitrogen 3.5 


1 00.0 
ETHYLENE  {OUfiant  Gas), 

Formula,  C3H4.     Molecular  weight =28. 4.     Density  =  14.2. 

Modes  of  Formation. — (i.)  This  compound  is  obtained  when 

ethyl  iodide  is  acted  upon  by  an  alcoholic  solution  of  potassium 

hydroxide — 

C2H6l  +  KHO  =  KI  +  H20  +  C2H4. 

(2.)  It  is  also  formed  when  ethylene  dibromide  is  brought  in  con- 
tact with  zinc-copper  couple,  the  ethylene  dibromide  being  diluted 
with  its  own  volume  of  alcohol — 

C2H4Br2  +  Zn  =  ZnBra  +  C2H4. 

(3.)  Ethylene  may  be  prepared   by  acting  upon   alcohol   with 
certain  powerful  dehydrating  agents,  such  as   phosphoric   pent- 


Ethylene  315 

oxide  or  sulphuric  acid,  the  latter  being  most  commonly  em- 
ployed. The  mixture  of  alcohol  and  sulphuric  acid  is  heated  in 
a  flask  to  about  165',  when  a  brisk  effervescence  takes  place.  From 
the  point  of  view  of  the  final  products,  the  reaction  may  be  re- 
garded as  the  abstraction  of  the  elements  of  water  from  the 
alcohol,*  thus — 

C2HeO-H20  =  C,H4. 

The  action,  however,  is  always  accompanied  by  secondary  re- 
actions, which  result  in  the  rapid  blackening  of  the  mixture  owing 
to  the  separation  of  carbon.  The  sulphuric  acid  then  acts  upon 
this  carbon  with  the  evolution  of  carbon  dioxide  and  sulphur 
dioxide.  Hence  the  ethylene  that  is  obtained  by  this  process  is 
always  contaminated  with  considerable  quantities  of  these  gases, 
from  which  it  must  be  purified  by  Leing  passed  through  a  solution 
of  sodium  hydroxide. 

(4.)  Pure  ethylene  is  most  readily  prepared  by  the  action  of 
syrupy  phosphoric  acid  (the  ordinary  tribasic  acid)  upon  alcohol.t 
About  50  or  60  C.C.  of  the  acid  are  placed  in  a  small  Wurtz  flask 
of  about  180  c.c  capacity.  The  flask  is  fitted  with  a  cork  carrying 
a  thermometer  and  a  dropping-tube  (Fig.  70),  the  end  of  the  latter 
being  drawn  out  to  a  fine  point  and  reaching  to  the  bottom  of  the 
flask.  The  acid  is  boiled  for  a  few  minutes  until  the  concentration 
reaches  such  a  point  that  the  temperature  rises  to  200",  when  the 
alcohol  is  allowed  to  enter  drop  by  drop;  the  rate  at  which  the  alcohol 
is  admitted  being  visible  in  the  dropping-bulb.  By  keeping  the  tem- 
perature between  200'  and  220**,  a  steady  and  continuous  stream 
of  gas  is  evolved ;  which  after  being  deprived  of  the  small  quantities 
of  ether  and  undecomposed  alcohol  with  which  it  is  accompanied, 
by  being  passed  through  a  small  WoulPs  bottle  standing  in  ice, 
is  practically  pure  ethylene.  The  action  of  the  phosphoric  acid  is 
the  same  as  that  of  sulphuric  acid,  the  first  action  being  the 
formation  of  phosphovinic  acid,  which  is  subsequently  decomposed 
in  a  similar  manner  to  the  sulphovinic  acid. 

*  In  reality  the  action  is  more  complex,  and  takes  place  in  two  stages,  the 
first  being  the  formation  of  ethyl  hydrogen  sulphate  or  sulphovinic  acid, 
CjH5'HS04  a  compound  which  is  analogous  to  hydrogen  potassium  sulphate, 
KHSO4 ;  and  the  second  being  the  decomposition  of  this  compound  when 
heated  either  alone  or  in  the  presence  of  sulphuric  acid — 

C5H5  0H  +  H2S04=C2H5HS04+H20, 
CjH5HS04=CaH4+  HJSO4. 
t  Newth,  Jour,  Chem,  Soc.,  1901. 
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Proporties Ethylene  is  a  colourless  gas,  having;  a  somewhat 

pleasant  ethereal  smell  ;  it  burns  with  a  highly  luminous  ftame, 
fanning  carbon  dioxide  and  w^ter,  one  volume  of  the  gas  requiring 
three  volumes  of  oxygen  for  its  complete  combustion,  and  produc- 
ing twice  its  own  volume  of  carbon  dioxide— 

C,H4+30,-2CO,  +  2H,0. 


If  mixed  with  oxygen  in  this  proportion  and  inflamed,  the  r 
ture  explodes  with  great  violence. 


When  mixed  with  twice  its  volume  of  chlorine  and  ignited,  the 
mixture  burns  rnpidly  with  a  lurid  flame,  with  the  formation  of 
hydrochloric  acid  and  deposition  of  carbon — 
CoH,+2CI.,  =  4HCI  +  2C. 
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Ethylene  is  rapidly  absorbed  by  fuming  sulphuric  acid  (more 

slowly  by  the  ordinary  strong  acid),    forming  ethyl  hydrogen 

sulphate — 

C,H4+  H,S04-C,H4-HS04, 

and  from  this  compound,  by  distillation  with  water,  alcohol  may 
be  produced — 

C,Hj-HS04+  HjO^CjHjOH  +  HjSO*. 

Ethylene  is  reduced  to  the  liquid  state,  at  a  temperature  of  o", 
by  a  pressure  of  41  atmospheres  ;  the  critical  temperature  of 
the  gas  is  +  10.1°,  at  which  point  a  pressure  of  51  atmospheres  is 
required  to  liquefy  it.  Liquefied  ethylene  boils  at  - 103*,  and  by 
increasing  its  rate  of  evaporation  temperatures  as  low  as  —140* 
can  readily  be  obtained.  Ethylene  (together  with  higher  members 
of  the  same  series)  constitutes  the  chief  illuminating  constituent  of 
ordinary  coal  gas,  of  which  it  forms  from  4  to  10  per  cent. 

ACET7LENE. 

Formula,  CjH^     Molecular  weight =36. a.     Density  =13.1. 

Modes  of  FOPination. — (i.)  Acetylene  is  capable  of  being  syn- 
thetically formed  by  the  direct  union  of  its  elements.     For  this 


Fig.  71. 

purpose  a  stream  of  hydrogen  is  passed  through  a  three-way  globe, 
in  which  an  electric  arc  is  burning  between  two  carbon  rods, 
arranged  as  seen  in  Fig.  71  (a  quantity  of  sand  being  placed  in 
the  globe  to  prevent  fracture  from  falling  fragments  of  red-hot 
carbon).  Under  these  circumstances  a  small  quantity  of  the 
carbbn  and  hydrogen  unites  to  form  acetylene,  which  is  swept  out 
of  the  globe  by  the  current  of  hydrogen.* 

*  The  formation  of  acetylene  appears  to  he  a  secondary  result,  due  to  the 
high  tcmptrrature  decomposition  of  methane  which  is  first  produced  (Bone, 
/our.  Chem.  Soc,  1897). 
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(2.)  Acetylene  may  be  obtained  by  the  action  of  alcoholic  potash 
upon  ethylene  dibromide.  Alcoholic  potash  is  heated  in  a  flask, 
and  ethylene  dibromide  dropped  upon  it  from  a  stoppered  funnel, 
when  the  following  reaction  takes  place — 

C2H4Br2  +  2KHO=2KBr  +  2H2O  +  CjH,. 

(3.)  Acetylene  is  formed  when  marsh  gas  or  coal  gas  is  burned 
with  an  insufficient  supply  of  air  for  complete  combustion  ;  thus, 
when  a  Bunsen  lamp  becomes  accidentally  ignited  at  the  base  of 
the  chimney,  the  peculiar  and  unpleasant  smell  that  is  perceived  is 
partly,  though  not  entirely,  due  to  the  formation  of  acetylene. 

The  formation  of  acetylene  by  the  imperfect  combustion  of  coal 
gas  is  readily  shown  by  causing  a  jet  of  air  to  burn  in  an  atmos- 


FlG.  72. 

phere  of  coal  gas,  and  aspirating  the  products  of  combustion 
through  a  cylinder  containing  an  ammoniacal  solution  of  cuprous 
chloride,  as  shown  in  Fig.  72.  The  acetylene  is  absorbed  by  the 
ammoniacal  cuprous  chloride,  forming  a  deep-red  coloured  com- 
pound known  as  cuprous  acetylide — 

Cu2Cl2,2NH3+  H2O  +  C2H2=2NH4C1  +  CjHjCap  .♦ 

When  this  compound  is  acted  upon  by  hydrochloric  acid,  it  is 
decomposed  with  the  evolution  of  acetylene,  thus — 

C2H2CU2O  +  2HC1  =  CuoCIa  +.H2O  +  CoH.. 


*  Keiser  has  shown  thai,  when  perfectly  dry,  the  comi)ound  loses  a  mole- 
cule of  water,  and  has  the  composition  CjCuq,  and  not  C2H.2CU2O  (or  CjCu^, 
HjO) ;  in  fact,  that  the  compound  is  a  carbide  of  copp>er. 
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Formerly  this  method  was  commonly  practised  when  any  quantity 
of  acetylene  was  required. 

(4.)  For  all  practical  purposes  acetylene  is  now  always  prepared 
by  the  action  of  water  upon  calcium  carbide.  The  carbide  may  be 
placed  in  a  dry  flask  furnished  with  a  dropping  funnel  and  de- 
livery' tube,  and  on  gradually  admitting  water  drop  by  drop  a 
rapid  evolution  of  nearly  pure  acetylene  at  once  takes  place — 

CaC,  +  2H80  =  Ca(H0)2+ CjHj. 

Properties. — Acetylene  is  a  colourless  gas  having  an  extremely 
offensive  smell,  which  rapidly  induces  headache  ;  when  inhaled  in 
an  undiluted  state  it  is  poisonous.  The  gas  bums  with  a  highly 
luminous  and  smoky  flame.  When  burnt  from  specially  constructed 
jets  it  gives  a  pure  white  light  of  great  intensity,  and  on  this 
account  is  a  most  important  illuminant.  Acetylene  is  present  in 
small  quantities  in  ordinary  coal  gas,  and  its  presence  may  be 
detected  by  the  formation  of  the  red  precipitate  of  cuprous  acety- 
lide  when  coal  gas  is  allowed  to  bubble  through  an  ammoniacal 
solution  of  cuprous  chloride.  This  reagent  furnishes  not  only  a 
ready  and  delicate  test  for  the  presence  of  acetylene,  but  also 
provides  a  means  of  removing  this  gas  from  admixture  with  other 
gases.  Thus,  in  the  synthetic  formation  described  above,  the 
gases  issuing  from  the  globe  are  passed  into  a  flask  containing 
this  solution,  which  immediately  absorbs  the  acetylene.  When 
acetylene  is  subjected  by  prolonged  heating  to  a  temperature  short 
of  a  red  heat,  it  undergoes  polymerisation,  and  is  converted  into 
liquid  hydrocarbons,  of  which  benzene,  CgHj,  is  one. 

Nascent  hydrogen  converts  acetylene  into  ethylene — 

CjHg  +  2ri  ^  C2l^4* 

From  acetylene,  therefore  (a  compound  which  can  be  syn- 
thetically prepared  from  its  elements,  carbon  and  hydrogen),  a 
great  number  of  "  organic  "  compounds  can  be  built  up,  for,  as  has 
been  already  explained  (page  317),  from  ethylene  it  is  easy  to 
obtain  alcohol,  which  opens  the  door  to  the  preparation  of  a  vast 
number  of  other  organic  compounds. 

Coal  Gas. — When  coal  is  distilled,  the  volatile  products  obtained 
are  :  ( i )  coal  tar  ;  (2)  an  aqueous  liquid  containing  ammonia  and 
other  products,  and  known  as  ammoniacal  liquor;  (3)  coal  gas. 
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Coal  gas,  after  being  subjected  to  ordinary  purification,  is  a 
mixture  of  gases  which  may  be  divided  into  three  classes,  namely  : 
illuminants,  diluents^  and  impurities.  The  most  important  of 
these  substances  are — 


llluminants. 


(  Ethylene,  QH4 ;   propylene,  CsHc  : 
J      butylene,  C4H3      ....     (CnHjn) 
I  Acetylene,  C3H2;  allylenc,  CsH4  (CnHjn-j) 


About  6.5 
per  cent. 


Benzene,  CjHa (CnHjn-a) -^ 

Diluents. — Hydrogen,  marsh  gas,  carbon  monoxide       .     About  90  per  cent. 
Impurities, — Nitrogen,    cartx>n    dioxide,    sulphuretted 

hydrogen About  3.5  per  cent. 

The  composition  of  the  gas  is  largely  determined  by  the  nature 
of  the  coal  employed,  as  may  be  seen  from  the  following  analyses 
of  gas  from  bituminous  and  from  cannel  coal  :— 


From  Bituminous  Coal, 


Hydrogen  . 
Marsh  gas  . 
Carbon  monoxide 
llluminants 
Nitrogen  . 
Carbon  dioxide  . 
Sulphuretted  hydrogen 


London  (Frankland). 


5005 
32.87 

12.89 
387 

0.30 


100.00 


51- 24 

3528 

7.40 

356 
2.24 
0.28 


100.00 


From  Cannel  Coal. 


London 
(FranklandX 

35-94 
41.99 

10.07 

10.81 

1. 19 


100.00 


Manchester 

(Bunsen  and 

Roscoe). 

45.58 

34.90 
6.64 

6.46 

2.46 

3.67 
0.29 

100.00 


CHAPTER    XI 

COMBUSTION 

When  chemical  action  is  accompanied  by  light  and  heat,  the 
phenomenon  is  called  combustion.  All  exhibitions  of  light  and 
heat  are  not  necessarily  instances  of  combustion  ;  thus,  when  an 
electric  current  is  passed  through  a  spiral  of  platinum  wire,  or 
through  a  carbon  thread  in  a  vacuous  bulb  (as  in  the  familiar 
"glow"  lamps),  these  substances  become  hot,  and  emit  a  bright 
light.  Neither  the  platinum  nor  the  carbon,  however,  is  under- 
going any  chemical  change,  and  therefore  the  phenomenon  is  not 
one  of  combustion.  The  materials  are  simply  being  heated  to  a 
state  of  incandescence  by  external  causes,  and  as  soon  as  these 
cease  to  operate,  the  glowing  substances  return  to  their  original 
condition  unchanged. 

(Combustion  may  be  defined  as  the  chemical  union  of  two  sub- 
stances, taking  place  with  sufficient  energy  to  dn^elop  light  and 
heat.  When  the  amount  of  light  and  heat  are  feeble,  the  combus- 
tion is  described  as  slow  or  incipient;  while,  on  the  other  hand, 
when  they  are  considerable,  the  combustion  is  said  to  be  rapid  or 
active.  The  true  nature  of  combustion  was  not  understood  until 
after  the  discovery  of  oxygen  in  1775.  From  about  the  year  1650 
until  after  that  important  discovery,  the  phlogistic  theory  was 
universally  adopted.  According  to  this  view,  a  combustible  body 
was  one  which  contained,  as  one  of  its  constituents,  a  substance  or 
principle  to  which  the  name  phlogiston  was  applied.  Easily  com- 
bustible substances  were  considered  to  be  rich  in  phlogiston,  while 
those  that  were  less  inflammable  were  held  to  contain  but  little  of 
this  ingredient.  The  act  of  combustion  was  regarded  as  the 
escape  of  this  principle  from  the  burning  substance.  Thus,  when 
a  metal  was  burnt  in  the  air,  it  was  considered  to  be  giving  off  its 
phlogiston,  and  the  material  that  was  left  after  the  combustion 
(which  we  now  know  to  be  the  oxide  of  the  metal)  was  regarded  as 
the  other  constituent  of  the  metal,  and  was  called  the  calx.    The 
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melal,  therefore,  was  supposed  to  be  a  compound  of  a  calx 
phlogiston.  ISy  heating  a  ciIk  along  with  some  sulistancc  rich  in 
phlo^ston,  the  former  again  combined  with  this  principle  and  the 
meial  was  once  more  produced.  Thus,  when  the  calx  of  lead  was 
healed  with  charcoal  (a  substance  pre-eminently  rich  in  phlo- 
giston), the  charcoal  supplied  the  calx  with  the  necessary  amount  of 
phlogiston  to  produce  the  compound  of  calx  of  lead  and  phlogiston, 
which  was  metallic  lead.  This  theory  of  combustion,  after  sustain- 
ing many  severe  shocks  (from  such  experiments  as  those  of  Boyle 
and  others,  who  showed  that  the  calx  of  a  metal  was  heavitr  than 
the  metal  used  in  its  formation),  received  its  death-blow  on  the 
discovery  of  the  compound  nature  of  water,  and  that  this  substance 
was  produced  by  the  combustion  of  hydrogen  in  oxygen. 

In  all  processes  of  combustion  it  is  customary  to  regard  one  of  the 
:s  taking  pan  in  the  chemical  change  as  the  comhustibli, 
and  the  other  as  the  supporter  of  comtmstian.  Usually  that  aub- 
s  which  surrounds  or  envelops  the  other  is  called  the  sup- 
p4>rler  of  combustion.  Thus,  when  a  jet  of  burning  hydrogen  is 
introduced  into  a  jar  of  chlorine,  or  when  a  fragment  of  ch;ircoal 
bums  in  oxygen,  the  chlorine  and  the  oxygen  are  spoken  of  as  the 
supporters  of  combustion,  while  the  hydrogen  and  carbon  are  termed 
the  combuslihles. 

In  all  the  more  familiar  processes  of  combustion  the  atmosphere 
itself  is  the  enveloping  medium,  and  the  air  is  therefore,  par  exitl- 
Unce,  the  supporter  of  combustion  ;  and  in  ordinary  language  ihc 
terms  combustible  and  incombustible  are  applied  to  denote  sub- 
stances which  bum,  or  do  not  burn,  in  the  air.  By  a  similar 
process  of  limitation,  it  has  become  customary  to  speak  of  other 
gases  as  supporters  or  n  on -supporters  of  combustion,  if  ihcy  behave 
towards  ordinary  combustibles  as  air  does.  Thus  we  say  of  hydro- 
gen, or  marsh  gas,  or  coal  gas,  that  they  are  combustible,  but  do 
not  support  combustion ;  and  of  oxygen,  or  chlorine,  or  nitrous 
oxide,  that  they  do  not  burn,  but  will  support  combustion  ;  and 
lastly,  of  such  gases  as  ammonia,  or  carbon  dioxide,  or  sulphuir 
dioxide,  thai  they  neither  bum  nor  support  combustion. 

This  distinction,  however,  is  a  purely  conventional  one,  and  has 
little  or  no  scientific  significance;  for,  by  a  slight  modification  of  the 
conditions,  either  hydrogen,  marsh  gas,  or  coal  gas  may  become 
supporters  of  combustion,  and  oxygen,  chlorine,  or  nitrous  oxide 
the  combustible  substances.  Thus,  when  a  Jet  of  hydrogen  hums 
Jn  Oxygen)  we  say  that  the  hydrogen  is  the  combustible,  and  the 
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oxygen  the  supporter  of  combustion  (Fig.  73,  A) ;  but  if  a  jet  of 
oxygen  be  thrust  up  into  a  jar  of  hydrogen  (Fig.  73,  b),  it  ignites 
as  it  passes  the  burning  hydrogen,  and  continues  to  burn  in  the 
hydrogen. 

By  means  of  the  apparatus  shown  in  Fig.  74,  this  may  be  still 
more  strikingly  shown.*  A  stream  of  hydrogen  is  passed  into  the 
lamp  chimney  by  the  tube  H,  and  the  issuing  gas  inflamed  as  it 
escapes  at  the  top.  Oxygen  is  admitted  through  the  tube  O,  and 
the  jet  of  gas  ignited  by  pushing  the  long  tube  up  into  the  burning 


u 
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Fig.  74. 


hydrogen  at  the  top,  and  then  drawing  it  down  to  the  position 
shown  in  fhe  figure,  where  the  jet  of  oxygen  continues  to  burn  in 
the  atmosphere  of  hydrogen. 

By  means  of  the  same  apparatus,  oxygen,  or  chlorine,  or  nitrous 
oxide  may  be  caused  to  bum  in  either  hydrogen,  marsh  gas,  or 
coal  gas.  Ammonia,  which,  as  already  mentioned,  is  usually 
described  as  being  neither  combustible  nor  a  supporter  of  com- 
bustion, when  surrounded  by  an  atmosphere  of  oxygen  is  readily 
inflammable,  and  will  as  readily  support  the  combustion  of  oxygen. 

The  atmosphere  itself  becomes  the  combustible  body  when  the 
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usual  conditions  of  combustion  are  reversed.  Thus,  if  a  stream  of 
coal  gas  be  passed  through  a  similar  lamp  glass,  through  ihe  cork 
of  which  a  short  straight  glass  tube  passes  (Fig.  75),  air  will  be 
drawn  up  through  this  tube,  and  may  be  inflamed  by  passing  up  a 
lighted  taper.  The  jet  of  air  will  then  continue  to  bum  as  a  non- 
luminous  flame.  The  air  is  here  the  combustible,  and  the  coal  gas 
the  supporter  of  combustion.  If  the  excess  of  coal  gas  be  inflamed 
as  it  escapes  from  the  top,  the  opposite  conditions  will  be  fulfilled, 
the  air  being  the  supporter  of  combustion,  and  the  coal  gas  the 
combustible. 

s  of  Ihe  lenns  combustible  and  sup- 
porter of  combustion  applie: 


This  interchangeablen 


also  to  substances  that  are 
liquid  or  even  solid  at  the 
ordinary  temperature.  If  a 
small  quantity  of  some  inflam- 
mable liquid,  as  clher,  carbon 
ilisulpliidc,  turpentine,  &c.,  be 
boiled  in  a  flask,  and  the  issu- 
ing vapour  inflamed,  n  jet  of 
oxygen  gas  when  lowered  into 
the  flask  will  ignite  as  it  passes 
the  flame,  and  continue  to  bum 
in  the  vapour  of  the  liquid. 
In  the  same  way,  sulphur, 
which  is  a  combustible  solid, 
and  whose  vapour  is  inflam- 
mable in  Che  air,  is  capable  in 
e  of  vapour  of  support- 
iingthe  combustion  of  oxygen. 
Since  combustion  is  the  result 
lergetic  chemical  union, 
and  since  also  it  is  a  mere  condition  of  experiment  which  of  the 
two  acting  substances  shall  function  as  the  environment  of  the 
other,  it  will  be  seen  that  the  terms  "  combustible  "  and  "  supporter 
of  combustion,"  as  applied  to  a  chemical  substance,  do  not  express 
any  definite  or  characteristic  property  of  that  body. 

It  was  demonstrated  by  Boyle,  that  when  a  metal  is  burnt  in 
the  air,  the  calx  (or  oxide)  that  is  obtained  weighs  more  than  the 
metal  employed,  instead  of  less,  as  the  phlc^istic  theory  seemed  to 
demand.    This  fact,  which  the  upholders  of  phlogiston  found  it  so 
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difficult  to  reconcile,  is  seen  to  be  a  necessary  consequence  of 
combustion,  considered  from  the  modem  point  of  view.  In  all 
instances  of  combustion  the  weight  of  the  products  of  the  action 
is  equal  to  the  total  weight  of  each  of  the  two  substances  taking 
part  in  the  chemical  combination.  When,  for  example,  the  metal 
magnesium  bums  in  the  air,  the  weight  of  the  product  of  the  com- 
bustion is  equal  to  the  weight  of  the  n)etal,////j  the  weight  of  a 
certain  amount  of  oxygen  with  which  it  united  in  the  act  of  burn- 
ing. This  gain  in  weight  during  combustion  may  be  demonstrated 
in  a  number  of  ways.  Thus,  if  a  small  heap  of  finely  divided  iron, 
obtained  by  the  reduction  of 
the  oxide,  be  counterpoised 
upon  tlie  pan  of  a  balance,  and 
then  ignited,  the  iron  will  be 
seen  to  bum,  and  as  it  bums 
the  balance  will  show  that  the 
smouldering  mass  is  increasing 
in  weight.  In  this  case  the 
sole  product  of  the  combustion 
is  a  solid  substance,  namely, 
iron  oxide,  which  remains  upon 
the  pan  of  the  balance  ;  but 
the  same  result  follows  when 
the  product  of  the  action  is 
gaseous.  Thus,  for  instance, 
when  a  fragment  of  sulphur  is 
burnt,  although  it  disappears 
from  sight,  it,  like  the  iron, 
combines  with  oxygen  to  form 
an  oxide.  This  oxide,  however, 
being  a  gas,  escapes  into  the 
atmosphere.  If  the  sulphur  be  burnt  in  such  a  manner  that  the 
sulphur  dioxide  is  collected  and  weighed,  it  also  will  be  found  to 
be  heavier  ^han  the  original  sulphur.  In  the  process  of  burning, 
I  gramme  of  sulphur  unites  with  about  i  gramme  of  oxygen,  and 
the  product  therefore  weighs  2  grammes.  By  causing  an  ordinary 
candle  to  bum  in  the  apparatus  shown  in  Fig.  76,  where  the  in- 
visible products  of  its  combustion  are  arrested,  the  increase  in 
weight  may  easily  be  seen.  The  candle  being  essentially  a  com- 
pound of  carbon  and  hydrogen,  the  products  of  its  buming  will  be 
carbon  dioxide  and  water,  both  of  which  will  be  absorbed  by  the. 
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sodium  hydroxide  in  the  upper  pnrt  of  llie  lube.  Consequently, 
as  ihe  candle  burns  away,  Ihe  arrangemenl  gradually  gains  in 
weight  ;  ilie  increase  being  the  weight  of  the  atmospheric  oxygen 
which  has  combined  with  the  carbon  and  the  hydrogen  lo  form 
the  compounds  carbon  dioxide  and  water. 

He&t  of  Combustion,— During  the  process  of  combustion,  a 
certain  amount  of  heat  is  evolved,  and  a  certain  temperature  is 
attained— two  results  which  are  quite  distinct.  The  temperaturt  is 
measured  by  thermomelcrs  or  pyrometers,  while  the  amount  of 
heat  is  measured  in  lenns  of  the  ealorie,  or  heat  unit.* 

The  amount  of  heal  produced  by  the  combustion  of  any  sub- 
stance is  the  same,  whether  it  burns  rapidly  or  slowly,  provided 
always  that  the  same  final  products  are  formed  in  ench  case. 
Thus,  when  l  gramme  of  phosphorus  burns  in  the  air  to  form 
phosphorus  pentoxide,  it  evolves  5747  calories  ;  and  when  Ihe 
same  weight  of  phosphorus  is  burnt  in  oxygen,  although  the  com- 
bustion is  much  more  rapid  and  energetic,  ani!  the  temperature 
consequently  rises  higher,  the  amount  of  heal  evolved  is  precisely 
the  same. 

Again,  when  iron  is  heated  in  oxygen  it  burns  with  great  bril- 
liancy, and  wilh  evolution  of  much  lieat ;  if,  however,  the  same 
weight  of  iron  be  allowed  slowly  to  combine  with  oxygen,  even 
without  any  manifestation  of  combustion,  but  simply  by  the.  pro- 
cess of  spontaneous  oxidation,  or  rusting,  it  is  found  that  tlic 
amount  of  heat  produced  in  forming  the  same  oxide  is  absolutely  1 
the  same.  -d 

So  far,  therefore,  as  the  quantity  of  heat  produced  is  concemejJ 
there  is  no  difference  between  active  combustion  and  slow  cotn-^ 
bustion,  or  (confining  ourselves  to  the  case  of  combinations  with 
oxygen)  between  active  combustion  and  the  ordinary  process  of 
spontaneous  oxidation  at  ordinary  temperatures.  In  the  latter 
case  the  heat  is  given  out  slowly — so  slowly  that  it  is  conveyed 
away  by  conduction  and  radiation  as  fast  as  it  is  produced,  and 
consequently  the  temperature  of  the  material  undergoes  no  per- 
ceptible change.  In  the  case  of  active  combustion,  the  action  is 
crowded  into  a  few  minutes  or  seconds,  and,  as  all  the  beat  de- 
veloped is  evolved  in  this  short  space  of  time,  the  temperature  of 
the  substances  rapidly  rises  lo  the  point  at  which  light  is  emitted. 

That  heat  is  developed  during  the  process  of  spontaneous  oxida- 

'  The  major  calorie  somellmesuscd  ii  equni  lu  1000  oloties.     See  Themio- 
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tion  is  readily  shown.  Thus,  if  a  small  heap  of  fragments  of 
phosphorus  be  exposed  to  the  air,  it  will  be  evident  from  the 
formation  of  fumes  of  oxide  that  it  is  undergoing  oxidation.  As 
the  action  proceeds,  and  as  the  heat  produced  by  the  oxidation  is 
developed  more  rapidly  than  it  is  radiated  away  (especially  from 
the  interior  portions  of  the  heap),  it  will  be  seen  that  the  phos- 
phorus quickly  begins  to  melt,  and  finally  the  temperature  will 
rise  to  the  point  at  which  active  combustion  begins,  when  the  mass 
will  burst  into  flame. 

It  has  been  shown  that  many  destructive  fires  have  arisen  from 
masses  of  combustible  material,  such  as  heaps  of  oily  cotton  waste, 
undergoing  this  process  of  spontaneous  oxidation,  until  the  heat 
developed  within  the  mass  has  risen  sufficiently  high  to  inflame 
the  material.  To  the  operation  of  the  same  causes  is  to  be 
referred  the  spontaneous  firing  of  haystacks  which  have  been 
built  with  damp  hay,  and  also  the  spontaneous  inflammation  of 
coal  in  the  holds  of  ships. 

As  the  temperature  produced  by  combustion  is  augmented  by 
increasing  the  rapidity  with  which  the  chemical  action  takes  place, 
it  will  be  at  once  obvious  why  substances  which  bum  in  the  air, 
bum  with  increased  brilliancy  and  with  higher  temperature  in  pure 
oxygen.  In  the  air  every  molecule  of  oxygen  is  surrounded  by 
four  molecules  of  nitrogen,  therefore  for  every  one  molecule  of 
oxygen  that  comes  in  contact  with  the  burning  substance,  four 
molecules  of  this  inert  element  strike  it ;  and  by  so  doing  they  not 
only  prevent  the  contact  of  so  much  oxygen  in  a  given  interval  of 
time,  but  they  themselves  have  their  temperature  raised  at  the 
expense  of  the  heat  of  the  burning  material.  The  number  of 
oxygen  molecules  coming  in  contact  with  a  substance  burning  in 
the  air,  in  a  given  time,  may  be  increased  by  artificially  setting  the 
air  in  rapid  motion  :  hence  the  increased  rapidity  of  combustion 
(and  consequent  rise  of  temperature)  that  is  effected  by  the  use  of 
bellows,  or  by  increasing  the  draught  by  means  of  chimneys  and 
dampers. 

The  augmentation  of  temperature  obtained  by  the  substitution 
of  pure  oxygen  for  air  is  well  illustrated  in  the  case  of  burning 
hydrogen.  The  temperature  of  the  flame  of  hydrogen  burning 
in  oxygen,  known  as  the  oxy-hydrogen  flame,  is  extremely  high, 
and  when  allowed  to  impinge  upon  a  fragment  of  lime,  it  quickly 
raises  the  temperature  of  that  substance  to  an  intense  white  heat, 
when  it  emits  a  powerful  light— the  so-called  oxy-hydrogen  Hmeligkt. 
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The  following  results  obtained  by  Bunsen  show  the  temperatures 
reached  by  the  combustion  of  hydrogen,  and  of  carbon  monoxide, 
in  air  and  in  oxygen — 

The  flame  of  hydn^n  burning  in  air    .  .  2024° 

»  i<  ,>  oxygen  .  2844° 

„  carbon  monoxide  burning  in  air  1997° 

«  «  »  oxygen  3003° 


Fig.  77. 


□flbecnrbon  monoxide  flame  is  higher  than  ihal  of  hydrc^n.  This  is  < 
lo  the  partial  dissociation  of  the  water  which  results  rraiii  the  combiutioi 
ihelaiier.  It  has  been  shown  that  when  a  mixture  of  hydrogen  andoxygeii 
the  [soporlion  to  form  water,  is  ignited,  the  lemperalure  produced  by 
union  of  a  portion  of  the  mixture  rises  above  the  point  at  which  water  ■ 
sociatFS ',  and  consequently  for  a  certain  small  interval  of  lime  a  condilior 
equilibrium  obtains,  during  which  as  many  molecules  of  water  : 
as  are  formed :  during  this  state  the  lemperalure  fall),  when  rapid  com 
tion  once  mors  proceeds.  It  will  be  seen,  therefore,  thai  the  limits  (o 
temperature  which  can  be  reached  by  combustion  are  influenced  by 
ptmOt  at  which  the  products  of  combustion  undergo  dissociation. 
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Jgnition  Point. — The  temperature  to  which  a  substance  must 
be  raised  in  order  that  combustion  may  take  place  is  called  its 
ignition  point.  Every  combustible  substance  has  its  own  ignition 
temperature.  If  this  point  be  below  the  ordinary  temperature 
the  substance  will  obviously  take  fire  when  brought  into  the  air, 
without  the  application  of  heat ;  such  substances  are  said  to  be 
spontaneously  inJlammabU^  and  must  necessarily  be  preserved  out 
of  contact  with  air. 

Passing  from  cases  of  spontaneous  inflammability,  we  find  a 
very  wide  range  existing  between  the  igniting  points  of  different 
substances.  Thus,  a  jet  of  gaseous  phosphoretted  hydrogen  may 
be  ignited  by  causing  it  to  impinge  upon  a  test-tube  containing 
boiling  water ;  carbon  disulphide  vapour  is  inflamed  by  a  glass 
rod  heated  to  120",  while  the  diamond  requires  to  be  raised  nearly 
to  a  white  heat  before  combustion  begins. 

The  difference  between  the  temperatures  of  ignition  of  hydrogen 
and  marsh  gas  m^y  be 
well  seen  by  means  of  the 
old  steel  mill  of  the  miner     ^f^§§ 
(fig-  77)'  By  causing  the 
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steel  disk  to  revolve  at  a 
high  speed,  while  a  frag- 
ment of  flint  is  lightly 
pressed  against  its  edge,  a 
shower  of  sparks  is  thrown 
out;  and  on  directing  a  jet 
of  hydrogen  upon  these 

sparks  the  gas  is  instantly  ignited,  while  they  may  be  projected 
into  a  stream  of  marsh  gas  without  causing  its  inflammation. 
The  same  fact  is  also  made  strikingly  apparent  by  depressing 
ii  piece  of  fine  wire  gauze  upon  flames  of  marsh  gas  (or  coal 
gas)  and  hydrogen.  In  the  former  case  the  flame  will  not  pass 
through  the  gauze,  although  it  may  be  shown  that  marsh  gas 
is  inaking  its  way  through  by  applying  a  lighted  taper  imme- 
diately above  the  wire.  If  the  gauze  be  held  over  the  issuing  jet 
of  gas  the  latter  may  be  ignited  by  a  taper  upon  the  upper  side  of 
the  gauze,  but  the  combustion  will  not  be  communicated  to  the 
inflammable  gas  beneath  (Fig.  78).  The  gauze  conducts  the  heat 
away  from  the  flame  so  rapidly  that  the  temperature  of  the  metal 
does  not  rise  to  the  ignition  point  of  the  marsh  gas  on  the  other 
side,  and  therefore  the  combustion  cannot  be  propagated  through 
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thegauic.  In  the  case  of  hydrogen,  however,  it  will  be  found  ihat 
the  instant  the  gas  upon  the  upper  side  of  ihc  game  is  inflamed 
the  flame  passes  through  and  ignites  the  hydrogen  beneath.* 

tl  ts  upon  Ihts  principle  that  (he  safely  of  the  "  Davy  lamp"  depencU. 
This  consists  of  an  ordinaiy  oil  lamp,  the  flame  of  wLich  is  surrounded  tiy 
a  cylinder  of  wire  gauie  (usually  made  double  at  the  top),  through  which  air 
to  supply  the  Bame  freely  passes  in  and  [he  pioilucis  of  comlBislion  pass  ouL 
When  such  a  lamp  is  taken  into  an  atmosphere  in  which  marsb  gns  is  pre- 
sent, this  gas.  entering  through  the  gauze,  liccoinci  igniied  within  the  chimney, 
produdng  a  very  characteristic  eflecl  upon  the  lamp  flame.  According  to  the 
amount  of  marsh  gas  present  the  flnnie  is  seen  to  become  more  and  mone 
extended,  at  llie  same  time  becoming  less  luminous,  until  the  whole  inletjoc 
of  the  gause  cylinder  is  filled  with  the  bummg  gas,  enulting  a  faint  bluiA 
light,  known  among  the  miners  as  ihe  curpsi- light.  The  burning  marsh  gfa 
is  unable  to  commuufcale  its  combustion  to  the  iiiQammable  mixture  outside, 
for  the  same  reason  that  the  name,  in  the  experiment  already  referred  to.  was 
unable  to  pass  through  the  wire  gauze.  If  from  any  cause  the  flame  should 
heat  any  spot  of  tlw  gaiue  chimney  10  a  temperature  above  the  ignition  point 
of  marsb  gas,  the  outside  combustible  mixture  will  become  igniieil.  It  has 
b«en  shown  that  by  exposing  the  lamp  to  a  strong  air  draught  the  flame  may 
be  so  diiven  ajainst  the  gauie  as  to  unduly  hrat  the  meUl.  It  has  also  been 
proved  that  Ihe  same  result  frequently  follows  from  the  explosive  wave  thai 
is  produced  in  a  mine  when,  from  some  acddental  cause,  tbe  operation  of 
blasting  (or  ihel-fitin/i  tesalM.  not  in  tbe  splitting  of  ihe  rock,  but  in  merely 
blowing  out  the  "  tamping."  The  violent  concussion  10  the  air  which  follows 
such  a  tlown-eut  lial  hiis  been  known  to  blow  the  flames  of  the  Davy  lamps. 
even  in  remote  parts  of  the  workings,  bodily  throi^h  the  gauic ;  and  if  such 
lamps  are  burning  al  the  lime  in  an  inflammable  mixture,  it  would  thereby  be 
fired. 

By  the  behaviour  of  tha  flame  of  a  Da\7  lamp  when  placed  into  nn  ntmos- 
phere  containing  mnrsli  gas.  it  11  possible  10  estimate,  with  a  rough  degree  of 
acctiracy.  tlie  pcrc«nl,ige  amount  of  that  gaa  which  is  presenL  For  this  pur- 
pose tlie  flame  is  turned  down  as  low  as  possible,  and  the  height  10  which  the 
burning  marsh  gas  extends  (tbe  so-called ^ir-dluin/  caf)  is  measured  against  a 
scale  graduated  in  tenths  of  Indies.  Fig.  79  (two-thirds  Ihe  actual  ax)  shows 
the  "  caps"  olitained  by  the  presence  of  4,  j.  and  6  per  cent  of  marsh  gas.t 

When  the  ignition  point  of  a  substance  is  lower  than  the  tem- 
perature  produced   by  its  combustion,   such   a  substance,  when 

*  Recent  experiments  of  Victor  Mey«r  yBrriihlr,  No.  16,  181)31,  upon  the 

Ignition  lemper.ilure of  explosive  gaseous  mixtures, give  tlte  following  results:  — 

A  mixture  of  oxygen  and  hydrogen  (electrolytic  gas)  explodes  ai    611° 

Explosive  mixture  of  oxygen  and  marsh  gas      ....     656° 

..  ,,  ctal  gas  ....     647° 

t  In  a  recent  development  of  this  method  of  testing,  a  smull  hydrogen  , 

Rame  Ts  sulistituted  for  ihe  oil  lamp  flame,  whereby  it  is  possible  to  delect  ttw    I 

praeace  of  0.35  per  cent,  of  mai^  gas  (Clowes).  fl 


i 
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niled,  wiU  continue  lo  burn  without  further  applidlion  of  ex- 
I  temd  hcnl,  the  inflammnlion  being  propagated  (ruin  particle  to 
I  particle  by  the  heat  developed  by  their  own  combustion.  All  the 
I  ordinary  processes  of  combustion  arc  actions  of  this  order,  and 
I  belong  lo  the  class  of  chemical  reactions  known  as  txolhermie, 
tions  which  arc  accompanied  by  an  evolution 
[  of  heat  (pnge  16S). 

n  the  oiher  hand,  ihc  iKnition  point  be  higher  than  the  heat 
I  produced  by  chemical  union,  combustion  cannot  proceed  without 
application  of  external  htal.     Tile  isnilinj;  point  of 


I  nilrogen  in  oxygen,  for  example,  is  higher  than  the  temperature  1 
I  produced  by  the  union  of  these  elements  ;  therefore,  although  the 
L  nitrogen   may  be  ignited  by  the   heal  of  the  electric  spark,  it  l: 
I  unable  10  communicate  its  combustion  to  contiguous  particles,  and 
[the  inflammniion  does  not  spread.     If  the  ignition  point  of  nitro- 
in  oxygen  had  been  lo-aier  instead  of  higher  than  the  heat  of 
I  the  chemical  union  ofthese  elements,  the  first  flash  of  lightning  that 
[■  discharged  into  the  air  would  have  initiated  a  conflagration,  which    I 
I  would  have  extended  through  the  whole  atmosphere,  and  resulted    ' 
\  the  removal  of  the  oxygen  and  its  replacement  by  oxides  of    ' 
nitrogen. 
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The  production  of  acetylene  by  the  combination  of  carlx>n  with  hydrogen 
under  the  influence  of  high  temperature,  and  the  formation  of  cyanogen  and 
carbon  disulphide,  by  the  union  of  the  same  element  with  nitrogen  and  with 
sulphur  respectively,  are  illustrations  of  the  same  class  of  action :  phenomena 
of  this  order  lieing  known  as  endothermic  reactions,  that  is,  reactions  that  are 
attended  with  an  absorption  of  heat  (page  i68). 

Flame. — When  both  the  substances  taking  part  in  combustion 
Are  gases  or  vapours,  the  sphere  of  the  chemical  action  assumes 
the  character  of  flame  ;  while,  on  the  other  hand,  if  one  of  the 
materials  is  a  solid  which  is  not  volatile  at  the  temperature  of  its. 
combustion,  no  flame  accompanies  its  burning.  Such  solids  as 
sulphur,  phosphorus,  camphor,  wax,  &c.,  during  combustion  in  air, 
imdergo  vaporisation,  and  consequently  burn  with  the  formation  of 
flame  ;  while  such  substances  as  iron,  copper,  carbon,*  &c.,  which 
do  not  pass  into  vapour  at  the  temperature  produced  by  their  com- 
bustion in  oxygen,  bum  in  this  gas  without  giving  rise  to  a  flame. 

Flames  diflfer  very  widely  in  their  general  appearance,  and  in 
the  majority  of  cases  are  distinctly  characteristic  :  thus,  hydrogen 
burns  in  air  with  a  flame  that  is  almost  absolutely  colourless,  and 
is  scarcely  visible  in  bright  daylight ;  sulphur  burning  in  air  pro- 
duces a  pale  blue  flame  ;  ammonia  in  oxygen  a  flame  having  a 
yellow-ochre  colour ;  carbon  monoxide  a  rich  blue  flame  ;  while 
cyanogen  bums  with  a  flame  having  the  delicate  colour  of  the 
peach  blossom.  Other  flames  are  characterised  by  their  luminosity. 
Thus,  phosphorus  burning  in  oxygen  emits  a  dazzling  yellow  light, 
that  is  almost  blinding  to  the  eyes  ;  magnesium  bums  in  the  air 
with  an  intense  bluish-white  light ;  the  flame  produced  by  the 
combustion  of  the  vapour  of  nickel  carbonyl  in  air  emits  a  bright 
white  light  ;  and  the  flames  that  are  produced  by  most  hydro- 
carbons during  their  combustion  give  a  characteristic  yellowish- 
white  light. 

The  General  Structure  of  Flame.— The  simplest  form  of 

flame  is  one  that  is  obtained  by  the  combustion  of  a  substance 
which  itself  undergoes  no  decomposition,  and  in  which  the  product 
of  combustion  is  arrived  at  in  a  single  stage.  Such  flames,  for 
example,  as  that  of  hydrogen  burning  in  chlorine  or  in  air,  or  of 
carbon  monoxide  buming  in  air.  In  the  case  of  hydrogen  burning 
in  air,  the  materials  taking  part  in  the  process  being,  elementary 

*  Under  certain  conditions  the  combustion  of  carbon  in  oxygen  is  accom- 
panied by  flame  ;  but  it  has  been  shown  that  at  the  temperature  at  which  this 
occurs  carbon  monoxide  is  being  formed. 


Flame 

\  bndies,  no  com  plications  arising  from  dcconiposiiion  are  possible  i 

^   and  although  c^irbon  monoxide  is  a  compound.  It  unites  i  '  " 
oxygen  without  itsttf  undergoing  .iny  decomposition,  snd  pnsscj  1 

f  directly  into  carbon  dioxide.     Such  llames  iis  ilicse,  wlii^n  liiitning  f 
n  lilt  end  of  a  tube,  consist  of  a  single  liollow  conical  sheutll  1 
iclivety  burning  gns.     Fig.   Ro  represents  a  flame  of  burning  J 
tiydrogcn  :  llic  darker  region  d  is  ihi;  iioUow  spiice  williin  the  tiame,  I 

■    consisting  of  unbumt  hydrogen  ;  while  the  flame  proper,  the  iti 

burning  portion,  is  the  sheath  b,  which  appenrs  practically  uniform  J 
throughout.  That  the  flame-cone  is  hollow  maybe  proved  byxl 
variety  of  experiments.    Thus,  if  a  shcci  of  white  pajwr  be  nuickly  1 

,   depressed  into  a  flame,  a  charred  impression  of  the  section  of  ih«-| 
cone  will  be  obtained,  as  shown  in  Fig.  St,  from  which  it  will  be  | 


;.  Br, 


n  the  cone.  In  the 
uspendcd  within  the 
o  long  as  the  burning 


seen  that  no  combustion  is  taking  place  H'iihi 

same  way,  an  ordinary  luciler  match  may  be  « 

flnroc,  where  it  will  remain  without  ignition  s 

walls  of  the  flame  do  not  touch  it.    The  shnpe  of  a  flame  is  due 

Ihc  lact,  that  as  the  gas  issues,  the  layer  nearest  to  the  w.ills  of  tl.o 

tube  bum  round  the  oriflce  of  the  tube  as  a  ring,  consequently  th« 

next  layer  has  to  reach  up  above  this  ring  before  it  can  meet  with' 

air  for  its  combustion,  and  each  successive  layer  h; 

higher  and  higher  in  order  to  Itnd  its  supply  of  air,  and  m  this  way 

the  burning  area  is  built  up  into  the  form  of  a  cone.    To  show  that 

the  hollow  space  consists  of  unburn!  >;as,  it  is  only  necessary  lO- 


A 
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t.f  the  flat 


334 


Inorganic  Chemistry 
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draw  otf  a  portion  of  [he  gas,  when  it  will  be  found  that  lli^g^^ 
Willi  drawn  will  burn. 

Passing  from  this  simplest  type  to  substances  that  undergo 
decomposition  during  eombuslion,  or  which  yield  the  final  product 
of  oxidation  by  successive  stages,  it  is  found  that  the  flames  iheyj 
give  rise  to  are  less  simple  in  structure- 
As  illustrations  of  various  degrees  of  complexliy,  the  followin| 
examples  may  be  mentioned  :— 

(i.)  Ammonia  burning  in  oxygen.     This  flame  (Fig.  83)  is  very  1 

characteristic,  and  on  inspection  11  is  at  once  obvious  that  it  has  K  ] 

less  simple  structure  than  the  hydrogen  flame.     In 

inner  hollow  portion  d  is  surrounded  by  a  double  flame-cone,  ihe'l 

inner  cone  a  having  a  yellow-ochre  colour,  a 

B    the  outer  portion  i  posscssinga  much  paler  colour, 
and  tending   to  green.     During  the  combustion  j 
of  ammonia,  the  compound  undergoes  decomposi- 
tion into  nitrogen  and  hj'drogen.     This  dccom- 
posilion,  which  begins  in   the  hollow  region  ■/,  ] 
lakes  place  mainly  in  the  inner  cone  ii,  iind  tlie 
hydrogen    which    escapes    combustion 
region  passes   to    the  outside,  and  there  burns,    | 
forming  the  outer  cone.     Ptobably  there  is  also   \ 
w  partial  combustion  of  the  nitrogen. 
(3.)  Carbon   disulphide  burning,  in  air.     This  J 
llame,  like   the  ammonia  flame,  consists  of  a  | 
double  flame-cone,  consisting  of  an   inner  lilac- 
I"..  Si  coloured  cone,  surrounded  by  an 

having  a  deeper  blue  colour.  During  eombus- 
lion carbon  disulphide,  like  ammonia,  is  decomposed,  but  i; 
case  not  only  are  both  of  the  constituents  readily  combustible,  but 
the  carbon  passes  into  its  linal  slate  of  oxidation  in  two  stages, 
fonning  first  carbon  monoxide  and  afterwards  carbon  dioxide. 

(3.)  Hydrocarbons  burning  in  air.  The  Dames  produced  by  the 
combustion  of  these  compounds  include  those  which  are  commonly  , 
employed  for  illuminating  purposes,  such  as  candle,  gas,  and  oil  I 
flames,  and  in  all  essential  points  of  construction  they  are  pracli-  ] 
cally  identical.  This  may  be  seen  to  be  the  case  by  a  comparison  ] 
of  the  flames  of  a  candle  and  of  coal  gas  (Figs.  83  and  84), 
these  flames,  as  in  the  former  cases,  there  is  the  dark  hollow  space  J 
d,  consisting  of  heated  unbiimt  gas  (in  the  candle  flame  this  ga»  I 
is  generated  by  the  vaporisation  of  the  materials  of  the  c 


^^K  which  in  the  melted  condition  are  drawn  up  the  wick  by  capillary 

^^H«clion).     Above  ihis  theie  is  a  region,  a,  which,  in  comparisun 

^^Kwith  ihc  rest  of  ihc  flame,  appears  almost  opaque,  and  which 

^^f  emits  a  bright  yellow  ligbL     Tliis  luminous  area  constitutes  reta- 

^^^  lively  the  largest  part  of  the  flame,  and  in  flames  thai  are  used  for 

light-giving  purposes  it  is  intentionally  made  as  large  as  possible 

by  means  of  various  devices.    At  the  base  of  the  flame  there  is 

a  small  region,  c,  which  appears  bright  blue  in  colour,  and  is  nnn- 


s ;  and  surrounding  ihe  entire  flame  there  will  be  seen  a 
faintly  luminous  mantle,  b. 

The  flame  proper,  therefore,  consists  of  three  distinct  parts, 
namely  ;  (i)  the  blue  region  i-,ai  the  base  ;  (2)  the  faintly  luminous 
mantle  d  ;  and  (3)  the  yellow,  brightly  luminous  region  a  These 
three  parts  constitute  the  flame-cone,  the  actual  area  of  combustion, 
which  envelops  the  dark  region  d ;  this,  as  already  slated,  consists 
of  unbumt  gas,  and  therefore  is  not,  strictly  speaking,  a  part  of  the 

If  the  supply  of  gas  lo  a  flame,  burning  as  represented  in  Fig.  84, 
be  diminished,  or  if  air  be  slowly  admitted  to  the  interior,  the  flame 
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will  shrink  down,  and  ihe  luniinous  area  become  less  and  less, 
until  ii  finally  ilisnppc.irs  ;iltoge(her.  The  flame-cone  will  then  In- 
found  lo  consist  of  iwo  paro,  resembUnfi!  in  situemre  Ihc  douhlr 
cone  of  the  ammonia  flame.  Fig,  82.  The  blue  region  r.  Fig.  84, 
whidi  is  only  fragmentary  in  the  flame  as  there  represented,  will 
have  become  coniinuous,  and  now  constitutes  the  inner  cone  ; 
while  the  mantle  *  fonns  the  outer  cone,  the  flame  presenting  the 


appearance  t 
unburn t  gns. 

It  has  been  shown, 


Fig.  85.     Tlie  region  d,  as  before,  consists  of 


thok  forma  tio 


I 


the  case  of  coal  gas  flames  burning  in  this 
ner  cone  c,  the  changes  going  on  result 
of  carbon  monoxide  and  water,  together 
with  small  quantities  of  carbon  dioxide  and 
hydrogen  ;    and  that   in  the  outer  cone,  or 
nianlle,  the  carbon  monoxide  and  hydrogen 
are   burning   tu    carbon    dioxide   and   water 
I  n   the   inner  cone,  therefore,   the  carbon   is 
liiirni   to  its  flrst  Stage  of  oxidation,  and   a 
]ioriiiin  of  the  hydrogen  is  oxidised  to  water  ; 
in  ilie  outer  cone,  ihc  second  stage  of  oxida- 
|.-,,:  Hj  liun  of  ilic  carbon  takes  place  by  the  com- 

bustion of  tlic  carbon  monoxide  to  carbon 
dioxide,  and  the  hydrogen  which  escapes  combustion  in  the  inner 
cone  is  also  burnt. 

It  has  been  known  since  the  time  of  Dalton,  that  when  certain 
hydrocarbons  are  burnt  with  an  inaufllicient  amount  of  oxygen  for 
the  complete  oxidation  of  1xilh  the  hydrogen  and  carbon,  cnrbon 
monoxide,  water,  and  hydrogen  are  produced.  This  result  is  pro- 
bably due  to  a  secondary  reactiiin  ;  the  first  stage  being  the  com 
bustion  of  hydrogen  lo  form  water,  which  at  the  high  lemjwratun- 
is  then  decomposed,  either  by  the  carbon  or  Uie  hydrocarbons, 
according  to  the  following  equations — 

CH,  +  0,=2H,0-t-C  =  C0  +  Hs+H;O. 
C,H,-f03=2H,0-f2C=2CO  +  2H,. 

The  various  parts  of  an  ordinary  gas  or  candle  flame,  therefore, 
are  due  to  the  diflereni  chemical  reactions  that  are  taking  place  in 
these  areas  ;  these  changes  are  not  of  such  a  nature  that  they  can 
in  all  cases  be  perfealy  traced,  neither  is  one  set  of  reactions 
exclusively  confined  to  each  area,  but  rather  is  it  the  case  that 
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certain  chemical  actions  predominate  in  each  particular  part  of  the 
flame. 

In  the  blue  region  c^  Figs.  83  and  84,  the  main  reactions  going 
forward  are  those  already  indicated,  by  which  carbon  monoxide, 
water,  and  hydrogen  are  produced.  In  the  faintly  luminous 
mantle  b^  carbon  monoxide  and  hydrogen  are  burning,  together 
with  small  quantities  of  hydrocarbons  which  may  have  escaped 
combustion  and  decomposition  in  the  luminous  region.  The  non- 
lufViinous  character  of  this  mantle  is  due  to  the  cooling  effect  of  the 
air  which  is  drawn  into  the  flame,  and  which  even  extinguishes 
combustion  upon  the  outer  limits  of  the  flame  before  every  trace  of* 
combustible  material  is  burnt  ;  for  it  has  been  shown  that  small 
quantities  of  carbon  monoxide,  marsh  gas,  and  even  hydrogen 
escape  unbumt  from  a  gas  flame. 

The  chemical  decompositions  which  go  on  in  the  luminous* area 
cannot  be  said  to  have  been  thoroughly  established.  It  has  been 
shown  that  very  early  in  its  passage  up  the  flame  a  certain  amount 
of  the  marsh  gas  and  ethylene  present  is  converted  into  acetylene, 
the  change  taking  place  as  the  result  of  heat  alone.  The  gases 
ascending  the  dark  region  d  are  surrounded  on  all  sides  by  a  wall 
of  burning  material,  and  are  thereby  raised  in  temperature  to  the 
point  at  which  the  marsh  gas  and  ethylene  suffer  decomposition 
into  acetylene  and  hydrogen — 

2CH|i^  02*12+311  J. 

The  following  table  (Lewes)  shows  the  gradual  development  of 
acetylene  in  such  a  flame  : — 


Gas  in  burner 

\  inch  above  rim  of  burner 

4m 

\\  inch  above  rim 
Tip  of  dark  region 
Centre  of  luminous  area 
Tip  of  luminous  area  . 

1  herefore,  by  the  time  the  gases  have  reached  the  tip  of  the  dark 
region,  the  effect  of  heat  upon  them  has  been  to  raise  the  amount 
of  acetylene  to  over  70  per  cent  of  the  total  unsaturated  hydro- 
carbons present     As  the  acetylene  and  other  hydrocarbons  pass 

on   through   the  flame  along  with   steam,  carbon  dioxide,  and 

Y 


Toul  UnMtiiratcd 

Hydrocarbons. 

Per  Cenr. 

Acetylene 
Per  Cent. 

.      4.38 

0-035 

.      4.00 

0.340 

.     1-53 

0.560 

.     1.98 

I.4IO 

.    0.45 

0.045 

.    0.00 

0.00 
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carbon  monoicide,  other  and  more  complex  changes  go  on  whereby 
denser  hydrocarbons  are  formed,  and  carlmn  itself  is  precipitated. 
The  formation  of  acetylene  in  that  region  of  the  flame  where  the 
coal  gas  is  in  excess  is  well  exemplified  in  the  case  of  air  burning 
in  an  atmosphere  of  coal  gas  (see  Fig.  yj).  In  this  fiame  the  air 
is  in  the  inside  and  the  coal  gas  upon  the  outside  ;  it  is,  in  effect,  an 
ordinary  coal  gas  flame  lumeii  inside  out.  The  formation  of  acety- 
lene, instead  of  taking  place  ■within  the  fiame  (in  which  case  it  has 
10  pass  through  the  heated  area  and  is  thereby  decoinposod), 
takes  place  upon  the  outer  surface  or  periphery  of  the  flame,  and 
*  therefore  largely  escapes  combustion  and  decomposition  and  passes 
away  into  the  coal  gas  atmosphere.  (See  Acetylene,  where  this 
method  is  described  for  the  preparation  of  this  compound.) 


nnOaiiMofLnialiioiltr  In  FlUDM.— The  Ughi-giving  properly  of  aflame 

i«  noi  due  10  the  operalion  of  any  one  Eimplu  cause.  It  was  at  one  time  sup- 
posed thai  ibe  luminosily  ofn  Uame  depcndeil  solely  upon  Ihe  presence  in  it 
pr  suspended  solid  Dutltcr  resulting  Grom  tbe  clKmical  dcoam  posit  ions  going 
on  during  combustion.  Ii  tiiu  been  shown,  however,  that  this  general  suie- 
ment  does  not  salisly  all  cases,  as  there  are  a  number  of  highly  luminoiu 
Hames  in  wbicb.  from  tlie  knoim  properties  of  the  products  of  combustion. 
I    iK^iibly   be  any  solid   muter  present.      Thus,    for  eiamplc. 


phosphorus  burnii 
the  phosphorus  pentoxide  wbii 
at  ordinary  lemperaiures,  is  v 
flame.    The  same  may  be  sa 


a  high  degree  of  lu 


!,  although  solid 

i!c  al  a.  lempcralure  tar  t 

■elow  that  of  the 

if  Ihe  luminous  flame  of  a 

rsenic  burning  in 
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When  carbon  disulphide  bums  in  oiygenorin  nitric  otide,  a  well-known  and 
intensely  luminous  flame  is  obtained,  in  which  only  gaseous  products  of  com- 
bustion can  be  present ;  and,  lastly,  the  flame  of  hydrogen  burning  in  oitygen 
can  be  made  under  certain  circumstances  to  emit  a  bright  light :  thus,  when  a. 
miilure  of  these  gaies  is  Ignited  in  a  closed  eudiometer,  Iheir  comboslion  is 
attended  with  a  brilliant  flush  of  light,  tlie  only  product  being  water. 

There  are  three  causes  which  may  operate,  dtlier  separately  a:  together,  in 
imparling  luminosity  to  a  flame  or  in  increasing  its  light-giving  power  :  these 
arc — (i.)  The  temperature  of  the  flame  ;  (a.)  Ihe  density  of  the  Hamegnscs;  and 
(3.1  the  introduclion  into  the  flame  of  solid  matter.  These  three  causes  mil 
be  treated  separately  nnd  illustrations  given,  which,  so  far  as  our  knowledge 
extends,  can  be  diieclly  traced  to  Ihe  independent  operation  of  ench. 

(I.)  The  effect  of  tcraperaiure. 

(a.)  Upon  flinies  in  which  solid  matter  Is  known  to  be  absent. 

When  phosphorus  is  introduced  into  chlorine,  it  spontaneously  inflames  and 
burns  with  a  llnnie  of  su^  eilrnnely  feeble  luminosity  thai  it  may  be  legnrded 
as  non-luminous  ;  if.  however,  the  chlorine  be  previously  slronRly  heated  by 
being  passed  through  a  red-hot  lube,  and  the  phosphorus  lie  InilhiK  tihen  it 
les  in  contact  with  the  gas,  Ihe  omhustion  thus  started  upon  a  higher 
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platform  of  temperature  is  accompanied  by  a  flame  of  very  considerable 
luminosity. 

The  flame  of  carbon  disulphide  burning  in  air  emits  but  a  feeble  light ;  but 
when  this  substance  bums  in  pure  oxygen,  its  temperature  of  combustion  is 
greatly  raised  and  the  luminosity  of  the  flame  is  enormously  increased. 

Phosphoretted  hydrogen  burning  in  air  gives  a  flame  of  considerable  lumi- 
nosity ;  but  when  this  flame  is  fed  with  pure  oxygen,  and  its  temperature 
thereby  raised,  it  becomes  intensely  luminous. 

(/9.)  Upon  flames  in  which  solid  matter  is  known  to  be  present. 

The  flames  produced  by  the  combustion  of  zinc  or  magnesium  in  the  air, 
and  in  which  the  solid  oxides  are  present,  have  their  luminosity  greatly  in- 
creased when  pure  oxygen  is  substituted  for  air  and  the  temperature  of  com- 
bustion thereby  augmented. 

The  same  result  is  seen  in  the  case  of  flames  in  which  the  solid  matter  is 
artificially  introduced,  as  in  the  fomiliar  Welsbach  burner,  where  a  solid  gauze 
mantle,  composed  of  an  alkaline  earth,  is  placed  in  the  flame-cone  of  a  non- 
luminous  gas  flame,  thereby  rendering  it  luminous.  If  the  temperature  of 
this  flame  be  augmented  by  feeding  it  with  oxygen,  the  light  emitted  by  the 
incandescent  solid  is  greatly  increased. 

(7.)  Upon  flames  in  which  solid  matter  is  believed  to  be  present,  such  as 
candle,  gas,  and  other  hydrocarbon  flames. 

When  a  candle  or  gas  flame  is  introduced  into  oxygen,  although  it  shrinks 
in  size,  its  luminosity  is  increased.  It  has  also  been  shown  that  when  a  coal 
gas  flame  is  chilled  by  causing  it  to  spread  against  a  cold  surface,  its  luminosity 
is  diminished  or  destroyed  altogether ;  and,  conversely,  if  the  gas  and  the  air 
supplying  the  flame  be  strongly  heated  before  combustion,  the  luminosity  is 
greatly  increased.  In  this  case,  however,  the  direct  effect  of  change  of  tem- 
perature is  complicated  by  the  decompositions  going  on  in  the  flame ;  for,  as 
already  mentioned,  the  conversion  of  the  non-illuminating  marsh  gas  into  the 
highly  illuminating  gas  acetylene  is  a  function  of  the  temperature. 

The  increase  of  light  obtained  from  a  gas  flame  by  previously  heating 
the  gas  and  air  is  the  principle  underlying  all  the  so-called  recuperative 
burners. 

It  is  evident,  therefore,  that  most  flames  gain  luminosity  by  having  their 
temperature  raised.  There  are,  however,  cases  in  which  increase  of  tempera- 
ture alone  appears  to  exert  no  influence  upon  the  luminosity.  The  flame  of 
hydrogen,  for  example,  which  is  practically  non-luminous  when  biuning  in 
air,  does  not  become  more  limiinous  when  burnt  in  oxygen,  although  its 
temperature  is  greatly  increased. 

(2. )  The  influence  of  the  density  of  the  flame  gases. 

It  has  been  shown  by  Frankland  *  that  the  luminosity  of  flame  is  intimately 
associated  with  the  pressure  to  which  it  is  subjected,  or  with  the  density  of  the 
flame  gases.  Thus,  it  is  found  that  a  gas  or  candle  flame,  when  burnt  either 
at  high  altitudes  or  in  artificially  rarefied  atmospheres,  has  its  luminosity 
greatly  reduced  ;  and,  per  contra,  when  caused  to  bum  under  increased  pres- 
sure, the  luminosity  is  increased.  In  the  case  of  hydrocarbons,  complication 
arises  from  the  fact  that  the  temperature  of  the  flame  is  changed  by  alterations 


•  Phil.  Trans.,  vol.  cli.  p.  609 ;  Proc,  Royal  Society,  vol.  xvi.  p.  4x9. 
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of  pressure.     Under  diminiihrtl  pressure  the  leiiiperalure  rolls,  nnd  allhongjTn 
there  is  less  loss  of  bral  by  rndialion  in  rnreliFd  air  than  In  ait  al  th«  ordlituy    I 
pressure,   It  is  possible  Ihat  the  genernl  lowering  of  Ihe  iemper«itire  of  the 
llBme   may  modify  the  chemical  decompoiitiaiu  in  Ihe  (liteclimi  already  n 

Flames  other  than  Ihose  of  hydrocnrlions,  however,  and  in  which  no  solid 
inaller  can  eiitl,  nre  found  lo  become  luminous  when  llie  density  of  the  flame 
gai  is  increased  liy  pressure,  llius,  the  flnnie  of  carbon  monoxide  vn  oiygen 
at  ordinary  presaures  emits  a  moderate  light ;  but  when  exposed  lo  a  pressure 
of  two  atmospheres  Ihe  luminosily  is  greatly  increased.  Even  the  non-luminous 
(tame  of  hydrngen  burning  in  oxygen  becomes  luminous  under  a  pressure  of 
two  atmospheres,  and  when  examined  by  (he  spectroscope  is  found  to  give  a 


coniinuoui  spectrum.     It  lias  been  found,  ns  .-t  general  rule,  thai 


when 


I 


temperatures  than  ihose  of  low  specific  gravity  i  thus,  if  difierent  gases  be 
raised  lo  incandescence  by  ihe  passage  ttirough  them  of  elecltic  spailis,  under 
limllar  conditions,  it  ia  seen  that  ihe  light  emiiledby  the  glowing  vapour 
varies  with  ihe  deniiiy  of  ihe  gas.  The  luminosily  of  glowing  oxygen  (ijensily, 
16)  is  greatly  superior  lo  Ihat  of  hydrogen  (density,  i),  while  the  light  emitted 
wlien  llie  sparks  are  passed  through  chlorine  (deniily,  35.5)  is  considerably  in 
advance  of  eitlier.  Andil  is  found  ihat  in  one  and  the  same  gat  the  luminosity 
of  Ihe  ipa.'k  increases  as  the  density  is  increased  by  artinci.-il  compression. 
Other  tilings  being  equal,  it  may  he  said  that  the  denser  the  va)«urs  which  ate 
present  (he  more  luminous  is  the  flame. 
(3.)  The  introduetion  of  snM  matter  inlo  Dames. 
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Non-luminous  flames  may  be  rendered  luminous  by  the  intentional  introduc- 
tion into  them  of  solid  matter,  which,  by  being  raised  to  a  sufficiently  high 
temperature,  will  become  strongly  incandescent.  Thus,  the  ordinary  lime- 
liglit  owes  its  luminosity  to  the  incandescei)ce  of  the  fragment  of  lime,  which 
is  raised  to  a  bright  white  heat  by  the  high  temperature  of  the  non-luminous 
oxy-hydrogen  flame.  The  lime  is  not  vaporised  at  the  temperature  of  the 
Ham  *.  the  light  being  entirely  due  to  the  glowing  solid  matter. 

The  ' '  Welsbach  "  burner,  already  referred  to,  is  another  example  of  the  same 
order,  the  luminosity  in  this  case  being  due  to  the  introduction  into  an 
ordinary  non-luminous  Bunsen  flame  of  a  fine  gauze  mantle  made  of  alumina 
or  other  metallic  oxide  (Fig.  86).  When  such  a  mantle  is  raised  to  incandes- 
cence by  the  heat  of  the  gas  flame,  it  emits  a  bright  white  light,  strongly 
resembling  that  of  an  ordinary  Argand  gas  flame.  A  flame  may  also  be 
rendered  luminous  by  the  intentional  precipitation  within  it  of  carbon,  which, 
by  its  ignition  and  its  combustion,  produces  a  high  degree  of  luminosity.  Thus, 
if  a  smalk  quantity  of  alcohol  be  boiled  in  a  flask,  and  a  jet  from  which  chlorine 
is  issuing  be  then  lowered  through  the  burning  vapour  into  the  flask,  as  shown 
in  Fig.  87,  the  chlorine  will  burn  in  the  alcohol  vapour  with  a^luminous  flame ; 
and  the  precipitated  carbon  (which  is  thrown  out  of  combination  by  the  action 
of  the  chlorine  upon  the  alcohol),  ascending  into  the  previously  non-luminous 
alcohol  flame,  will  render  it  brightly  luminous. 

From  these  considerations  it  will  be  evident  that  the  luminosity  of  a  flame 
may  be  due,  first,  to  the  presence  of  vapours  sufficiently  dense  to  become 
incandescent  at  the  temperature  of  the  flame;  or,  second,  to  the  presence  of 
solids  rendered  incandescent,  either  by  the  heat  of  the  flame  gases  alone,  or 
in  conjunction  with  their  own  combustion  ;  or,  third,  from  the  simultaneous 
operation  of  all  these  causes.  Ordinary  gas  and  candle  flames  come  under 
the  last  of  these  heads.  The  decompositions  that  go  forward  in  these  flames 
not  only  give  rise  to  dense  vapours  which  become  incandescent,  but  also  to 
the  precipitation  of  solid  carbon,  which  by  its  ignition  and  combustion  adds 
to  the  luminosity  of  the  flame. 

The  Bunien  Flame,  -llie  construction  of  the  Bunsen  lamp  is  too  well 
known  to  need  description.  The  gas,  issuing  from  a  small  jet  situated  at  the 
base  of  a  metal  tube,  and  mixing  with  air  which  is  drawn  in  through  openings  in 
the  tube,  bums  at  the  top  of  the  chinmey  with  the  familiar  non-luminous  flame. 
The  existence  of  this  flame  in  its  ordinary  condition  depends  upon  two  main 
causes ;  first,  upon  the  fact  that  in  the  immediate  neighbourhood  of  a  jet  of 
gas  issuing  from  a  small  orifice,  there  is  a  reduction  of  pressure ;  and,  second, 
upon  the  relation  between  the  velocity  at  which  the  gases  pass  up  the  tube 
and  the  rate  of  propagation  of  combustion  in  the  mixture  of  air  and  coal  gas. 
Upon  the  first  of  these  causes  depends  the  entrance  of  air  into  the  "  air-holes  " 
of  the  lamp,  and  upon  the  second  depends  the  continuance  of  the  flame  in  its 
position  upon  the  top  of  the  tube. 

As  the  coal  gas  issues  from  the  small  jet  at  the  base  of  the  chimney,  instead 
of  the  gas  escaping  through  the  side-holes,  air  is  drawn  into  the  tube  by  virtue 
of  the  reduced  pressure  produced  immediately  round  the  jet  That  this  area  of 
reduced  pressure  actually  exists  in  the  neighbourhood  of  the  jet  of  a  Bunsen 
may  be  proved  by  attaching  a  delicate  manometer  to  the  air-hole  of  such  a 
lamp,  as  shown  in  Fig.  88.    As  the  gas  is  turned  on,  the  liquid  in  the  horizontal 
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lube  will  be  lucked  towards  Ihe  liimp,  showing  Ihai  ihe  iuuing  gas  cauKS  a 
partial  vacuum  in  its  immediale  neighbourhood.* 

In  orilcc  llial  the  flami:  shnli  mnain  nt  the  lop  of  llie  lulie.  there  inuM  be  a 
cslain  relation  between  Ihe  velocily  oT  Ihe  issuing  gases  and  (lie  rale  oC  pro- 
pagation of  combustion  in  Ihe  mixture ;  fur  if  the  laller  be  grcaler  than  the 
former,  the  flame  will  travel  down  Ihe  tube  and  ignite  the  ffl^  a'  'he  jet  below. 
By  gradually  redudng  tbe  supply  of  gas  to  Ibe  flame,  and  so  aliccing  the  \iro- 
portion  of  gas  and  air  ascending  the  lube,  the  miilure  becomes  mote  and 
more  eiplosiife,  until  a  point  is  reached  when  the  velocity  of  inflammation  is 
greater  than  tberateof  cRiux  of  ihe  gates,  and  the  Same  travels  down  Ihe  lube, 
and  the  familiar eflecl  oflbe  flame  ''striking  down"  is  obtained. 

The  same  result  maybe  hrougtit  about,  and  Ihe  eHeci  more  closely  observed, 
by  Miending  tbe  chimney  ol  Ihe  lamp  by  means  of  a  wide  glass  lube.  As  the 
supply  of  gas  is  reduced,  or  the  quantity  of  air  introduced  is  increased,  Ihe 
flame  will  be  iieeii  lo  shrink  in  site  and  finally  descend  Ihe  tube.  By  adjust- 
ment it  may  be  caused  eiflvr  lo  ex- 
plode rapidly  down   the   tube    or    to 

stnlionory  at  some  point  in  Ihe  lube, 
which  is  slightly  constricted,  and  where, 
therefore,  the  flow  of  the  isiiing  £as  is 
slightly  accelerated.  + 

The    non-luminosity    of   a    Bunun 
[lame  is  due  lo  Ihe  combined  opeia- 

dilulion,  and  cooling.     It  was  fonuerly 

supposed  thai  Itae  destnicdon  of  the 

luminosity  of  a  gas  Dame  by  the  od-   * 

mixture  of  air  with   ihc  gas   before 

burning    was    entirely  owing    lo    the 

influence  of  the  onygen    in    bringing 

about    a    more    raiud    and    complete 

state    of  oiidalioa.    Ihat    the    hydro- 

ace  completely  burnt  up  by  the  additional :  upply  of  oxygen 

u  been  ^own,  however,  that  not  only  is  this  elTeci  brought 

about  by  air.  but  also  by  the  use  of  such  merl  gases  as  nitrogen,  carbon  dioxide, 

and  ei'en  sleam.     The  following  tabic  (Lewes)  shows  the  relative  volumes  of 

various  gases  thai  are  required  to  destroy  Ihe  luminosity  of  a  gas  flame  :- 

I  voiume  of  coal  gas  iei|uirei  0.5  volumes  of  oiygen. 


1 


Fig.  B8. 


I 


and  is  not  aclmg  merely  as  nilrogen  does,  ii  | 
of  mygeu  and  nitrogen,  containing  a  blgli< 

*  See  "  Chemical  Lectture  Experiments,"  m 
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present  in  air,  destroy  the  luminosity  more  rapidly  than  is  effected  by  air. 
Thus,  when  mixtures  containing  nitrogen  and  oxygen  in  the  proportion  of  3  to 
I,  2  to  X,  z  to  z  by  volume  are  employed,  the  volumes  of  the  mixtures  required 
to  destroy  the  luminosity  of  one  volume  of  coal  gas  are  respectively  2.02,  z.49, 
and  z.oo. 

It  has  been  shown  that  when  coal  gas  is  diluted  with  nitrogen  a  higher 
temperature  is  necessary  to  effect  its  decomposition ;  hence  the  action  of  the 
atmospheric  nitrogen  in  causing  the  loss  of  luminosity  of  a  gas  flame  is  in  part 
due  to  the  higher  temperature  that  is  required  for  the  formation  of  acetylene, 
which,  as  .already  mentioned,  is  the  first  step  in  the  decomposition  and  con- 
densation of  the  hydrocarbons  in  the  gas. 

As  already  mentioned,  the  luminosity  <^  a  flame  is  very  much  influenced  by 
alterations  of  temperature ;  and  just  as  the  non-luminosity  of  the  outer  mantle 
of  an  ordinary  flame  is  partly  dUe  to  the  cooling  action  of  the  air  which  is 
dragged  into  the  flame  from  the  outside,  so  the  want  of  lu|ninosity  of  the 
Bunsen  flame  is  in  part  due  to  the  cooling  influence  of  the  large  volume  of  air 
that  is  drawn  up  into  the  interior  of  the  flame.  That  the  gases  which  are 
drawn  into  a  flame  reduce  the  luminosity  by  virtue  of  their  cooling  action  is 
borne  out  by  the  fact  that  the  higher  the  specific  heat  of  the  diluent  (and 
therefcwe  the  greater  its  power  to  abstract  heat  from  the  flame)  the  less  of 
it  is  required  to  effect  the  destruction  of  the  luminosity  ;  thus,  as  already  men- 
tioned, less  carbon  dioxide  than  nitrogen  is  necessary  to  render  a  flame  non- 
luminous  :  the  specific  heat  of  nitrogen  is  0.2370,  while  that  of  carbon  dioxide 
is  0.3307. 

The  specific  heat  of  oxygen  is  also  slightly  greater  than  that  of  nitrogen, 
being  0.2405;  but  the  cooling  effect  of  dilution  with  this  gas  is  enormously 
overpowered  by  the  increased  temperature  due  to  its  oxidising  action  upon 
the  combustible  materials  of  the  flame. 

Experiments  made  upon  the  actual  temperatures  of  various  regions  of  a 
Bunsen  flame,  rendered  non-luminous  by  admixture  with  different  gases,  the 
results  of  which  are  seen  in  the  following  table  (Lewes),  show  the  cooling  effect 
of  these  diluents  upon  the  flame : — 

Temperature  of  Flame  from  Bunsen  Burner^  burning  6  cubic  feet  of  Coal 

Gas  per  Hour. 


RegioQ  in  Flame. 

Luminous 
Flame. 

Flame  rendered  Non- 
luminous  by 

Air. 

Nitrogen. 

Carbon 
Dioxide. 

\  inch  above  burner  .... 
\\  inch  above  burner  .... 
np  of  inner  cone       .... 
Centre  of  outer  cone  .... 
Tip  of  outer  cone       .... 
Side  of  outer  cone,  level  with  tip  of ) 
inner  cone       ....         J 

Degrees. 

X3S 
421 

913 
1328 

728 
1236 

Degrees. 
54 

»75 
Z090 

1533 
"75 

1333 

Degrees. 

30 
ZIZ 

444 

999 

"51 

1236 

Degrees. 

35 
70 

393 
770 

951 

970 
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In  the  case  of  air,  it  will  be  seen  that  the  first  effect  is  to  cool  the  flame ; 
but  in  the  upper  region,  where  the  oxidising  action  of  the  oxygen  is  felt,  the 
temperature  rapidly  rises  to  a  maximum  at  a  point  about  half-way  between 
the  tip  of  the  inner  and  outer  cones.  In  the  flames  rendered  non-luminous 
by  the  two  inert  gases,  the  highest  temperature  is  only  reached  at  the  outer 
limit,  where  the  full  amount  of  oxygen  for  combustion  is  obtained  from  the 
outer  atmosphere. 

On  account  of  the  wide  range  of  temperature  exhibited  by  the  various 
regions  of  a  Bunsen  flame,  it  constitutes  a  most  valuable  analytical  instru- 
ment, for,  by  the  judicious  use  of  the  different  parts  of  the  flame,  it  is  often 
possible  to  detect  the  presence  of  several  flame-colouring  substances  in  a 
mixture.  Thus,  if  a  mixture  of  sodium  and  potassium  salts  be  introduced 
upon  platinum  wire  into  the  cooler  region  of  the  flame  near  its  base,  the  more 
volatile  potassium  compound  will  impart  its  characteristic  violet  tint  to  the. 
flame  before  the  sodium  salt  is  volatilised  sufficiently  to  mask  the  colour,  by 
the  strong  yellow  it  itself  gives  to  the  flame.  In  this  way  many  mixtures  may 
readily  be  differentiated. 

If  a  piece  of  copper  wire  be  held  horizontally  across  a  Bunsen  flame,  so  as 
to  cut  the  inner  cone,  it  will  be  seen  that  the  wire  in  contact  with  the  edges 
of  the  flame  becomes  coated  with  copper  oxide,  while  the  portion  in  the  centre 
remains  bright.  On  moving  the  wire  so  as  to  bring  the  oxidised  portion  into 
the  inner  region,  the  oxide  will  be  reduced,  the  metal  once  more  becoming 
bright  The  outer  area  of  a  flame,  where  oxygen  is  in  excess,  is  called  the 
oxidising  flame :  while  the  inner  region,  in  which  heated  and  un  burnt  hydro- 
gen or  hydrocarbons  exist,  is  spoken  of  as  the  reducing  flame.  These  regions 
exist  in  all  ordinary  flames.  The  oxidising  action  of  the  outer  flame  of  a 
candle,  for  example,  is  illustrated  in  the  behaviour  of  the  wick.  So  long  as 
the  wick  remains  in  the  inner  region  of  the  flame  it  is  not  burnt ;  and  in  the 
early  days  of  candles,  as  the  tallow  gradually  consumed,  the  wick  remained 
standing  straight  up.  and  by  degrees  extended  into  the  luminous  area  of  the 
flame,  where,  owing  to  the  deposition  of  soot  upon  it,  it  frequently  developed 
a  cauliflower-like  accretion,  which  greatly  impaired  the  luminosity  of  the 
flame,  and  which  necessitated  the  use  of  snuflfers.  In  the  modem  candle, 
owing  to  a  method  of  plaiting  the  wick,  it  is  caused  to  bend  over  (as  shown 
in  Fig.  83),  and  so  thrusts  its  point  into  the  oxidising  region,  where  it  is 
continually  burnt  away.' 
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The  first  to  be  discovered,  and  the  most  important  element  of 
the  group,  is  chlorine,  which  is  a  constituent  of  sea  salt  (sodium 
chloride).  The  term  halogen^  signifying  sea  salt  producer,  has 
been  applied  to  this  family  of  elements,  on  account  of  the  close 
resemblance  between  their  sodium  salts  and  sea  salt.  This  family 
exhibits,  in  a  marked  manner,  many  of  the  features  which  are 
found  to  exist  in  most  chemical  families  of  elements. 

In  their  general  behaviour  they  strongly  resemble  one  another, 
and  readily  displace  each  other  in  combinations  without  producing 
any  very  marked  change  upon  the  character  of  the  compounds. 
They  each  unite  with  hydrogen,  giving  rise  respectively  to  hydro- 
fluoric acid,  HF  ;  hydrochloric  acid,  HCl  ;  hydrobromic  acid, 
HBr  ;  hydriodic  acid,  HI. 

These  hydrogen  compounds  are  all  colourless  gases,  which  fiime 
strongly  in  the  air ;  they  are  extremely  soluble  in  water,  and  are 
strongly  acid  in  character.  In  combination  with  potassium  and 
with  sodium,  the  halogens  form  a  series  of  compounds,  which  are 
similarly  constituted,  and  which  closely  resemble  each  other  in  their 
habits.  Their  similarity  of  composition  is  expressed  in  the  follow- 
ing formulae — 

Compounds  with  potassium,  KF,  KCI,  KBr,  KI. 

Compounds  with  sodium,  NaF,  NaCl,  NaBr,  NaL 
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The  physical  properties  of  the  elements  exhibit  a  regular  grada- 
tion with  increasing  atomic  weight ;  thus,  fluorine  and  chlorine  are 
gases,  bromine  is  liquid,  while  iodine  is  solid,  at  ordinary  tempera- 
tures. In  their  chemical  activity  they  also  show  the  same  gradual 
change ;  thus,  in  the  case  of  their  combination  with  hydrogen, 
when  fluorine  and  hydrogen  are  brought  together,  combination 
instantly  takes  place  with  explosion,  even  in  the  dark.  Chlorine 
and  hydrogen  do  not  combine  in  the  dark,  but  in  diffused  daylight 
they  unite  slowly,  and  in  direct  sunlight  their  combination  takes 
place  suddenly  with  explosion. 

Bromine  vapour  and  hydrogen  do  not  combine  even  in  direct 
sunlight,  but  a  mixture  of  the  two  gases  ignites  in  contact  with  a 
flame,  yielding  hydrobromic  acid,  while  iodine  vapour  and  hydro- 
gen require  to  be  strongly  heated  in  contact  with  spongy  platinum 
to  effect  their  combination.  This  difference  in  the  activity  of  the 
halogens  towards  hydrogen  is  seen  by  a  comparison  of  the  heats 
of  formation  of  their  hydrogen  compounds,  thus — 

H  +  CI  =  HCl  -I-  22,000  cal.  (Thomsen). 
H-l-Br=HBr+  8,440  „  ♦ 
H  +  1    =HI    -  6,040  „    t 

The  heat  of  formation  of  hydrofluoric  acid  has  not  yet  been 
determined,  but  there  can  be  no  doubt  that  it  is  considerably 
greater  than- that  of  hydrochloric  acid. 

•  Although  a  strong  resemblance  exists  between  all  the  members 
of  the  halogen  family,  the  element  fluorine,  which  is  the  typical 
member  (see  page  1 14)1  stands  marked  off*  from  the  others  in  many 
of  its  attributes.  Thus  fluorine  exhibits  a  great  tendency  to  form 
double  salts  which  have  no  counterpart  among  the  compounds  of 
the  other  elements  of  the  family,  and  at  temperatures  below  32* 
the  molecule  of  hydrofluoric  acid  consists  of  two  atoms  of  hydrogen 
and  two  of  fluorine,  having  the  composition  H^F^ 

FLUORINE. 

Symbol,  F.    Atomic  weight =19. 

History. — This  element,  the  first  of  the  halogen  series,  was  the 
most  recent  to  be  discovered,  it  having  baffled  all  attempts  to 

*  This  value  refers  to  bromine  in  the  liquid  state, 
t  Iodine  as  solid. 
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isolate  it  until  the  year  1886,  when  Moissan  succeeded  in  solving 
the  problem. 

Occurrence. — Fluorine  occurs  in  considerable  quantities  in  com- 
bination with  calciiun  in  the  mineral  Jiuor  spar  (CaF^),  which  is 
found  in  cubical  crystals.  On  account  of  the  occurrence  of  this 
mineral  in  large  quantities  in  Derbyshire  it  is  frequently  termed 
Derbyshire  spar.  It  is  a  constituent  also  QicryoliUy  lisL^lF^^uor- 
apatite^  dP,OgCa3,CaF|,  and  many  others.  In  small  quantities 
fluorine  is  found  in  bones,  in  the  enamel  of  teeth,  and  also  in 
certain  mineral  waters. 

Mode  of  FormatiGlL — When  an  electric  current  is  passed  into 
an  aqueous  solution  of  hydrochloric  acid,  the  acid  is  decomposed 
into  its  elements,  chlorine  being  liberated  at  the  positive  electrode, 
while  hydrogen  is  evolved  at  the  negative.  When  aqueous  hydro- 
fluoric acid  is  treated  in  the  same  way,  the  water  only  is  decom- 
posed, oxygen  and  hydrogen  being  liberated.  Davy  found  that  the 
more  nearly  the  acid  approached  the  anhydrous  condition,  the  kss 
easily  did  it  conduct  electricity ;  and  that  in  the  perfectly  pure 
state,  that  is,  entirely  free  from  water,  hydrofluoric  acid  was  a  non- 
conductor. Moissan's  recent  success  in  the  isolation  of  fluorine 
depends  upon  the  discovery  that  a  solution  of  the  acid  potassium 
fluoride,  HF,KF,  in  anhydrous  hydrofluoric  acid  is  an  electrolyte, 
and  that  by  the  passage  of  an  electric  current  through  this  solution 
fluorine  is  disengaged  at  the  anode,  or  positive  electrode,  and 
hydrogen  is  evolved  at  the  cathode. 

The  primary  decomposition  taking  place  is  the  breaking  up  of 
the  acid  potassium  fluorid< 


HF,KF=2F  +  H  +  K. 

The  atom  of  potassium,  in  contact  with  the  free  hydrofluoric  acid 
present,  is  then  converted  into  potassium  fluoride  with  the  elimina- 
tion of  an  equivalent  of  hydrogen — 

K-hHF=KF  +  H. 

And  the  normal  potassium  fluoride  then  unites  with  a  molecule  of 
the  acid,  to  regenerate  the  acid  salt — 

KF-«-HF  =  HF,KF. 

The  reaction  is  performed  in  a  U-tube  made  of  an  alloy  of 
platinum  and  iridium,  a  material  which  is  less  acted  upon  by  the 
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liberated  fluorine  than  pUtinum  alone.  The  apparatus  has  two 
side-tubes  (Fig.  89),  which  can  be  either  closed  with  a  screw  cap,  C, 
or  connected  to  platinun)  delivery  tubes  by  means  of  the  union  D. 
The  two  limbs  of  the  tube  are  closed  by  means  of  stoppers  made 
of  fluor  spar,  shown  in  section  at  s,  and  which  can  be  securely 
screwed  into  the  tube.  These  serve  to  insulate  the  elearodes, 
which  are  constructed  of  the  same  plat inum-i rid ium  alloy.  The 
anhydrous  hydrofluoric  acid  is  introduced  into  the  apparatus,  and 
about  25  percent,  of  its  weight  of  the  acid  potassium  fluoride  is 
added,  which  really  dissolves  in  the  liquid.  The  tube  is  immersed 
in  a  bath  of  methyl  chloride  (m,  Kig.  90),  which  boils  at  -  23* ;  the 
supply  being  continuously  re- 
plenished from  the  reservoir  B, 
while  the  vapour  is  drawn  away 
by  the  pipe  C  On  passing  a 
current  from  zo  to  3J  Grove's 
cells  through  the  .  apparatus, 
e  fluorine  is  evolved  at  the  posi- 
j  tive  electrode,  and  hydrogen  is 


liberated  at  the  negativ 

Properties.— Fluorine  i: 
all  known  elements,  the  1 
chemically  act 
account  of  its  i 
affinities  that  it 
all   attempts    t 

when  liberated  from  combina- 
tion it  instantly  combined  with 
the  materials  of  the  vessels  in 
which  Ihe  reactions  were  made. 
It  is  impossible  to  collect  this  gas  by  any  of  the  usual  methods,  for 
it  decomposes  water  and  instantly  combines  with  mercury.  It  also 
attacks  glass,  so  that  it  can  only  be  colletted  by  displacement  of  air 
in  vessels  of  platinum.  Fluorine  is  a  pale  yellowish-coloured  gas, 
appearing  almost  colouriess  when  viewed  in  small  quantities.  The 
smell  ofthe  gas  is  very  characteristic— it  is  irritating  10  the  mucous 
membranes,  and  is  not  unlike  the  odour  ofthe  minture  of  chlorine 
and  chlorine  peroxide,  evolved  from  potassium  chlorate  and  hydro- 

"  Fluorine  has  recenily  been  obiained  by  Brauner  (June  1894}  by  healing 
n  fluotplumbate,  3KF.HK,PbF^.      At  300°  this  salt  gives  off  hydm- 


I tense  chemical 

so  long  resisted 

isolate  it,  as 


Fic.  89^ 


■eid,  HF.  .-1 


i  when  healed  K 
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Bhloiic  ncid.  Whether  the  smell  actually  perceived  is  the  true 
■mell  of  fiuorine  is  diiubtftil,  for  when  fluorine  comes  into  contacl 
with  llic  moisture  in  tbp  nostrils  water  la  decomposed,  with  the  for- 
mation uf  ozonised  oxygen  and  hydrofluoric  ncid.         ' 

Fluorine  not  only  decomposes  potassium  iodide,  with  liberation 
of  iodine,  but  also  displaces  chlorine  from  sodium  chloride. 

:ombines  directly  with    a   large    number  of  elements   willi 

;  energy  ;   in  contact  with  hydrogen  it  instantly  explodes. 

Iilodine,  sulphur,  and  phosphorus  lirst  melt,  and  then  Like  fire  in 

le.     Crystals  of  silicon,  when  brought  into  the  gas,  spontane- 


Fic,  go. 

Dsly  inflame,  and  bum  with  brilliancy.    All  of  the  metal*  are  nctett 

bpon  by  fluorine  ;  some,  when  linely  divided,  undergoing  spontune- 

inflammation  when  thrown  into  the  ^s.     Even  goM  and  plali- 

larealtaclcedby  fluorine,  especially  ifgentlywHrincd  ;  itsnclion 

3on  the  latter  metal  being  sei^n  bv  (he  corrosion  of  the  apparatus, 

Ind  especially  the  pniitive  electrode  employed  in  ils  preparation. 

Organic  compounds  are  attacked  by  fluorine  with  violence,  and 

inflamed. 
When  fluorine  is  cooled  to  a  temperature  about   -  185' (,('.«.  9.  ft 


350  Inorganic  Cheniistty 

degrees  below  the  temperature  of  boiling  oxygen,  obtained  by 
boiling  the  oxygen  under  slightly  reduced  pressure)  it  condenses 
\a  the  liquid  states*  Liquid  fluorine  is  a.  mobile  yellow  liquid, 
resembliDg  liquid  chlorine.  It  is  without  action  upon  silicon, 
phosphorus,  sulphur,  or  glass  ;  it  con  therefore  be  produced  and 
contained  in  glass  vessels.  Even  at  this  low  temperature,  how- 
ever, fluorine  attacks  hydrogen  and  hydrocarbons. 


\ 

d,    ■ 


HTDBOFLOOKIC  ACID. 
Formula.  [IF.    Molecular  WBight  =  ao.oi.     Densily^io 

Modes  of  Forraation.-((.}  Hydrofluoric  acid  is  produced  whan 
powdered  calciiini  Huoride  (fluor  spar)  is  acted  upon  by  strong 
sulphuric  acid — 

CaF,  +  HaSO(-CaSO(+2HF. 

This  method  is  employed  for  the  commercial  preparati 
aqueous  solutions  of  hydrofluoric  acid.  The  mixture  of  fluor  spar 
and  sulphuric  acid  is  gently  warmed  in  a  leaden  retort,  and  the 
gaseous  acid  passed  into  walcr  contained  in  leaden  bottles.  This 
aqueous  acid  is  sent  into  the  marlcct  in  gutLi-percha  bottles. 

(z.)  The  anhydrous  acid  is  prepared  by  heating  hydrogen  [tolas' 

slum  fluoride  (acid  potassium  fluoride)  in  a  platinum  retort.     TTie 

double  lluoridc  of  potassium  and  hydrogen  splits  up  into  norma] 

potassium  fluoride  and  hydrofluoric  acid — 

HF,KF  =  KF+HF. 

For  this  purpose  the  perfectly  dry  double  fluoride  is  placed  io  I 
a  platinum  retort,  which  is  screwed  to  a  platinum  condensingf^  I 
arrangement,  as  seen  in  Fig.  91.  The  wooden  trough  through  I 
which  the  long  lube  passes  is  filled  with  a  freezing-mixture,  and-l 
■he  platinum  bottle  is  also  surrounded  by  a  similar  mixtu 

Properties.— Anhydrous  hydrofluoric  acid  is  a  colourleaq^  I 
limpid,  strongly  fuming  liquid,  which  boils  at  19.5°.  It  has  s  I 
powerfiil  affinity  for  water,  and  can  only  be  presented  in  perfectly '4 
stoppered  platinum  vessels,  which  arc  kept  in  a  cool  place.  T" 
acid  at  once  attacks  gutta-percha.  Gore  found  that  the  anhydro 
acid  was  without  action  upon  glass. 

Pure  hydrofluoric  acid  is  an  extremely  dangerous  substance  t 
manipulate  ;  its  vapour,  even  when  dikited   with  air,  has  a  mostfl 
■   Molssaii.  May  1897. 


1 


imUtmg  and  injurious  effect  upon  the  respiratory  organs,  and  if 
inhaled  in  ihe  pure  stale  causes  death. 
A  single  drop  of  i!ic  liquid  upon  the  skin  causes  the  most  painful 

I  ulcerated  sores,  accompanied  by  distressing  aching  pains  through- 
DUt  the  whole  body.  The  metals  potassium  and  sodium  dissolve  in 
pure  hydrofluoric  acid,  with  the  formation  of  fluoridc^s  nnd  evolution 
of  hydrogen. 
At  temperatures  above  88°  the  vapour-density  of  hydrofluoric 
Bcid  corresponds  to  the  formula  HF.  As  the  temperature  is 
lowered  the  molecules  aggregate  together,  and  the  density  of  the 
trapour  steadily  rises,  until  at  a  few  degrees  above  the  boiling- 


it  approaches  what  would  be  required  for  molecules  of  II, Fj. 

B.At  about  32"  the  density  is  20  ;  but  whether  this  signifles  the  exis- 

■  tence  of  molecules  having  the  composition  H,Fj,  or  whether  it 

merely  represents  a  certain   mixture  of  more  complex  molecules, 

H„F,„  with  molecules  of  H  K,  has  not  been  definitely  determined. 

Gaseous  hydrofluoric  acid  rapidly  attacks  glass,  and  it  is  largely 

["employed  for  etching  purposes,  both  for  obtaining  designs  upon 

s  and  for  the  purpose  of  etching  graduations  upon  glass  mea- 

ng  instruments.     The  object  to  be  etched  is  first  coated  with 

,  and  the  design  or  other  marks  rut  upon  the  wax  by  me 

I  pointed  steel  tool.     In  this  way  the  surface  of  the  glass  is  laid 
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bare  in  parts,  and  on  exposing  the  object  to  the  action  of  the  acid, 
either  as  gas  or  aqueous  solution,  the  glass  is  rapidly  eaten  into, 
where  the  surface  has  been  exposed.  Its  action  upon  glass  is 
due  to  the  readiness  with  which  it  attacks  silicates,  the  fluorine 
combining  with  the  silicon  to  form  silicon  tetrafluoride — 

Si02  +  4HF=2H20  +  SiF4. 

Crystallised  silicon,  when  gently  heated,  takes  fire  in  gaseous 
hydrofluoric  acid,  giving  silicon  fluoride  and  hydrogen. 

Hydrofluoric  acid  is  extremely  soluble  in  water,  forming  a 
strongly  acid  corrosive  liquid,  which  readily  dissolves  many  of 
the  metals  with  evolution  of  hydrogen — 

Fe  +  2HF  =  FeFj+H2. 
Silver  and  copper  are  also  dissolved  by  this  acid. 


CHLOBIKE. 

Symbol,  CI.     Atomic  weight =35. 45.     Molecular  weight =70. 90. 

History. — Chlorine  was  discovered  by  Scheele  (1774),  but  was 
regarded  by  him  as  a  compound  substance.  He  applied  to  it  the 
name  of  dephlogisticated  marine  acid  air^  having  obtained  it  by 
the  action  of  hydrochloric  acid  upon  ores  of  manganese.  The 
belief  that  chlorine  was  a  compound  of  oxygen  and  hydrochloric 
acid  was  generally  held  until  Davy's  time,  and  gave  rise  to  the 
name  oi'oxy muriatic  acid. 

The  elementary  nature  of  chlorine  was  proved  by  Davy  (1810), 
who  gave  to  it  the  name  chlorine^  in  allusion  to  the  greenish-yellow 
colour  of  the  gas. 

Occurrence.— In  the  uncombined  condition  chlorine  does  not 
occur  in  nature.  In  combination  with  metals,  as  chlorides,  chlorine 
is  very  abundant,  the  commonest  chloride  being  sodium  chloride 
(common  salt). 

Many  of  the  salts  found  in  the  Stassfurt  deposits  consist  largely 
of  chlorides  (see  Alkali  Metals).  Chlorides  of  the  alkali  metals 
are  also  found  in  animal  secretions  and  in  certain  plants.  Chlorine 
occurs  in  combination  with  hydrogen,  as  hydrochloric  acid,  in 
volcanic  gases,  and  also  in  the  gastric  juice. 

Modes  of  Formation. — (i.)  When  hydrochloric  acid  is  poured 
upon  manganese  dioxide,  and  the  mixture  kept  cool,  a  dark-brown 


Chlorine 


3S3 


temperati 

It  has  1 

to  01 


obtained,  which  rapidly  decomposes  at  a  slight  rise  of 
:  with  the  evolution  of  chlorine. 

t  yet  been  clearly  established  whether  this  brown  solu- 
of  the  compound  MnCl,  or  MnjCl,  formed  according 


e  of  the  equatio 

MnO,  +  4HCl=MnCl,  +  2H,0. 

2MnO,  +  8HCI-Mn,CI,  +  Cl,  +  4H,0. 

When  this  dark-brown  solution  is  gently  warmed,  the  higher 
chloride  breaks  up  into  manganous  chloride  (MnClj)  and  chlorine  ; 
the  complete  reaction  being  expressed  by  the  equation— 


MnO,  +  4HCI-2H,0  +  MnCl,  +  CV 


The  experiment  : 
in  Fig.  92.     The 


jnveniently  carried  out  in  the  apparatus  seen 
e  of  manganese  dioxide  and  hydrochloric 


Fia^a. 


acid  is  gently  heated  in  a  large  flask,  and  the  gas,  after  being 
passed  throu;>h  water  in  the  Woulfs  bottle,  may  be  collected  by 
downward  displacement,  as  shown  in  the  figure.* 

(:.)  Instead  of  employing  hydrochloric  acid,  the  materials  from 
which  this  compound  is  prepared,  namely,  sodium  chloride  and 
sulphuric  acid,  may  be  used.     Thus,  if  it  mixture  of  sodium 

*  See  Eiperimem  154,  ■■  Chemiai!  Lecture  Knperimenu,"  new  ed. 
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chloride,  manganese  dioxide,  and  sulphuric  acid  be  gently  warmed, 
chlorine  is  readily  evolved — 

2NaCl  +  MnOj  +  2HaS04=Naj,S04+MnS04  +  2H20  +  aj. 

It  will  be  seen  that  by  this  reaction  the  whole  of  the  chlorine  con- 
tained in  the  reacting  compounds  is  evolved  as  gas,  while  in  the 
former  case  a  part  of  it  remains  in  combination  with  the  man- 
ganese. 

(3.)  Many  other  highly  oxygenised  compounds,  when  acted  upon 
by  hydrochloric  acid,  evolve  chlorine  ;  thus,  when  crystals  of  potas- 
sium dichromate  are  drenched  with  hydrochloric  acid  and  the 
mixture  heated,  a  rapid  stream  of  chlorine  takes  place,  thus — 

KjCrA  +  14HC1  =  2KC1  +  CrgCl^  +  THgO  +  3Clj. 

• 

(4.)  When  crystals  of  potassium  chlorate  are  similarly  treated,  a 
mixture  of  chlorine  and  chlorine  peroxide  is  evolved,  even  without 
the  application  of  heat — 

4KCIO3  +  12HC1  =  4KC1  +  6H2O  +  3CIO2  +  ^Cl. 

(5.)  Red  lead  (Pb304),  when  treated  with  hydrochloric  acid, 
reacts  in  a  manner  similar  to  manganese  dioxide  and  many  other 
peroxides.  In  the  case  of  lead,  however,  there  is  no  intermediate 
chloride  formed — 

Pb304  +  8HCl  =  3PbCl2  +  4H20  +  Cl2. 

(6.)  Manufacturing  Processes  —  Deacon's  Process.  —  This 

method  for  the  preparation  of  chlorine  is  by  the  oxidation  of  the 
hydrogen  in  hydrochloric  acid  by  atmospheric  oxygen.  It  will  be 
seen  that  in  the  foregoing  methods  the  oxidation  of  this  hydrogen 
is  carried  on  at  the  expense  of  the  oxygen  contained  in  either  the 
metallic  peroxide  or  the  highly  oxygenated  salt  used  ;  in  the 
Deacon  process  atmospheric  oxygen  is  made  use  of.  When  a 
mixture  of  gaseous  hydrochloric  acid  and  oxygen  is  heated,  a 
slight  decomposition  takes  place  ;  but  if  these  gases  be  heated  in 
the  presence  of  a  third  substance  which  acts  as  a  catalytic  agent, 
the  decomposition  of  the  hydrochloric  acid  is  much  more  readily 
effected.  The  catalytic  agent  employed  in  the  Deacon  process  is 
cuprous  chloride  (CugClj).    This  substance  is  capable  of  taking  up 
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an  additional  quantity  of  chlnrlnc,  and  of  being  converted  into 
cupric  chloride  (CqCI,),  thus — 

Cu,Cl,  +  Cl,  =  2Cua^ 

If,  therefore,  a  mixture  of  hydrochloric  acid  and  onygen  be 
passed  over  fragments  of  pumice  impregnated  with  cuprous 
chloride  contained  in  a  tube  which  is  heated  to  dull  redness,  the 
hydrochloric  acid  will  be  decompiosed.  We  may  suppose  that  the 
affinity  of  oxygen  for  the  hydrogen  in  hydrochloric  acid  is  un- 
able to  overcome  the  affinity  existing  between  the  hydrogen  and 
chlorine,  but  that  the  additional  pull  exerted  upon  the  molecules 
of  hydrochloric  acid  by  the  cuprous  chloride  is  sufficient  to  dis- 
turb the  equilibrium  and  rupture  the  molecule — 


The  result  of  the  action  being  HjO  +  2CuCI, 


Fro.  93. 

At  the  lempemlure  at  which  ihe  reaction  is  carried  on,  however, 
the  conipuund  CuClj  cannot  exist  \  (wo  molecules  of  it  are  con- 
verted into  one  (A  Cu^Clj,  and  a  molecule  of  chlorine  is  evolved. 
'Die  final  result,  therefore,  of  the  reaction  may  be  thus  expressed — 

O  +  SHQ  +  Cu,Cl,=  H,0  +  CI,  +  CujCL 
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ih™  acts  upon  Ihe  hydrochloric  : 


(0  Cu,CI,+0=CUaOCIt 

(»|  Cii,OCl,  +  2HCU2CuCI,+HA 

(3)  2CuCI,  =  Cu/:L|  +  C1j. 


\ 


This  reaction  may  be  made  on  a  small  scale  by  means  of  the 
apparatus  shown  in  Fig.  93.  Hydrochloric  acid  is  generated  from 
salt  and  sulphuric  acid  in  the  Hnsk,  and  a  stream  of  Ihe  gas  passed 
through  the  Woulfs  bottle,  into  which  also  enters  a  stream  of 
oxygen.  TTie  mixed  gases  are  then  passed  ihrnugh  the  bulb-lube, 
containing  fragments  of  pumice  which  have  previously  been  soaked 


in  a  solution  of  cupric  chloride  and  dried.  On  heating  llic  butbtl 
means  uf  a  Itunsen  tiame,  chlorine  will  issue  from  lite  end  of  d 
tube.  When  chlorine  is  manufactured  on  an  industrial  scale  tj 
the  Deacon  process,  the  mixture  of  hydrochloric  acid  a 
the  proportion  of  four  volumes  of  the  latter  to  one  volume  of  hydM 
chloric  acid)  is  drawn  by  means  of  a  Root's  blower  first  thro 
iron  pipes,  which  are  heated  to  n  temperature  of  about  500',  and 
then  the  hot  gases  pass  on  through  the  decomposer.  This  consists 
of  a  cylinder  of  cast  irrm  containing  masses  of  broken  brick  or 
burnt  day  impregnated  with  cupric  chloride,  and  so  arranged  tha^— 
Ihe  gases  are  drawn  through  the  mass. 
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The  gas  leaving  the  decomposer  consists  of  a  mixture  of  chlorine, 
undecoi}! posed  hydrochloric  acid,  and  atmospheric  nitrogen  and 
oxygen.  By  passing  them  through  water,  the  hydrochloric  acid  is 
removed,  and  the  chlorine  is  usually  converted  at  once  into  bleach- 
ing-powder. 

The  process  by  which  chlorine  is  usually  made  on  a  manufactur- 
ing scale  is  by  the  action  of  hydrochloric  acid  upon  manganese 
dioxide.  The  best  ore  for  the  purpose  is  pyrolusite.  The  process 
is  conducted  in  stills  made  of  thick  slabs  of  stone,  usually  **  York- 
shire flag,"  which  are  fitted  and  luted  together,  and  securely  bound 
by  cast-iron  clamps.  Fig.  94  shows  such  a  chlorine  still,  repre- 
sented as  cut  across  the  centre. 

The  charge  of  manganese  is  placed  upon  the  false  bottom  a^  and 
the  acid  is  run  in  through  the  funnel  tube  by  which,  dipping  into  a 
small  pot,  does  not  allow  the  gas  to  escape.  As  the  action  begins 
to  slacken,  steam  is  cautiously  blown  in  from  time  to  time.  The 
chlorine  escapes  by  the  pipe  jf,  and  passes  from  thence  into  the 
main  h. 

The  reaction  that  goes  on  in  the  still  is  the  same  as  that  given 
above  in  the  first  mode  of  fonnation,  except  that  as  pyrolusite  is 
not  pure  MnOj,  small  quantities  of  other  compounds  are  formed. 
The  following  analysis,  by  Black,  of  still-liquor  from  stone  stills, 
shows  the  general  composition  of  this  substance  : — 


MnCl]    . 

AljCle     . 

Fe^Cle 

HCl  (undecomposed) 

Yxtfj        .         .         . 


10.5700 
0.6200 
0.4551 
6.6220 

81.7329 
loaoooo 


(7.)  The  Weldon  Process,  although  indirectly  a  method  for 
making  chlorine,  is  in  reality  a  process  for  recovering  the  man- 
ganese contained  in  the  still-liquors  as  manganous  chloride,  and  of 
reconverting  it  into  available  manganese  dioxide.  The  manganese 
so  recovered,  however,  is  ag^in  utilised  for  the  preparation  of 
chlorine  by  the  decomposition  of  a  further  quantity  of  hydrochloric 
acid.  The  essence  of  the  process  is  the  following : — The  still- 
liquor  is  mixed  with  ground  chalk,  or  limestone  dust,  in  large  tanks 
or  wells,  and  the  mixture  thoroughly  stirred  by  agitators.  One  of 
these  wells,  A,  is  shown  in  the  diagrammatic  figure.    By  this  opera- 
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tion  the  free  acid  is  neutralised,  and  the  iron  precipitated  as 
hydraled  oxide.  The  neutral  liquor,  consisting  of  inanganous 
chloride  and  calcium  chloride,  is  then  pumped  into  large  tanks, 
where  it  is  allowed  to  settle ;  one  of  these  "  settlers,"  B,  is  shown 
in  the  figure;  By  means  of  a  pipe  upon  a  swivel-joint,/  Che  clear 
liquid  from  the  settler  can  be  drawn  off  without  disturbing  the 
sediment,  and  run  into  the  oxidiser  C.  The  oxidiscr  is  merely  a 
flat-bottoiDed  iron  cylinder,  open  at  the  top.     Milk  of  lime  from 


Flags- 

the  tank  E,  where  lime  and  water  are  stirred  together,  is  pumped 
into  the  oxidiser  as  required. 

The  milk  of  lime  is  added  in  quantity  more  than  sufficient  lo 
precipitate  the  manganese  as  manganous  hydroxide,  MnH,0, 
Into  this  mixture,  which  consists  of  manganous  hydroxide  and 
calcium  hydroxide  (milk  of  lime)  in  suspension,  and  to  a  smaller 
extent  in  solution  in  the  calcium  chloride  which  is  present,  a 
siicam  of  compressed  air  b  forced  by  means  of  the  pipe  h,  which 
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passes  to  the  bottom  of  the  oxidiser,  where  it  ends  in  perforated 
branches.  During  this  process  the  manganese  becomes  oxidised 
and  is  converted  mainly  into  calcium  manganite,  a  compound  of 
manganese  dioxide  with  calcium  oxide,  CaO,MnOs,  or  CaMnO,. 
By  a  further  addition  of  the  neutral  liquor  from  tank  B,  and  by 
raising  the  temperature  within  the  oxidiser  by  injecting  steam,  a 
portion  of  the  calcium  manganite  is  converted  into  a  compound 
having  the  composition  CaO,2Mn02. 

When  the  operation  is  complete,  the  contents  of  the  oxidiser  are 
run  out  into  a  series  of  tanks  called  mud  settlers^  of  which  one 
is  shown  at  D  in  the  figure.  The  product  here  settles  as  a  thin 
black  mud,  known  as  the  Weldon  mud;  and  this  is  ultimately 
drawn  from  the  settlers,  and  run  direct  into  chlorine  stills,  where 
it  is  at  once  treated  with  hydrochloric  acid  for  the  preparation 
of  chlorine.  The  Weldon  stills  are  similar  to  the  ordinary  chlorine 
stills,  but  are  much  larger,  and  usually  octagonal  in  shape. 

(8.)  Eleetrolytic  Meth0<l8. — Of  late  years,  since  the  applica- 
tion of  electricity  on  a  commercial  scale  has  become  possible, 
manufacturing  processes  for  obtaining  chlorine  by  the  electrolysis 
of  a  solution  of  common  salt  have  begun  to  compete  with  the 
older  methods.  By  the  electrolysis  of  brine,  the  sodium  chloride 
is  separated  into  its  two  elements  ;  the  chlorine  is  evolved  at  the 
anode,  and  the  sodiimi  which  is  liberated  at  the  cathode  there  acts 
upon  the  water  present,  generating  sodium  hydroxide  (see  Caustic 
Soda  ;  also  Sodium  Carbonate). 

Properties.— Chlorine  is  a  greenish-yellow  coloured  gas,  with  a 
strong  suffocating  smell.  It  is  quite  irrespirable,  and  if  inhaled  in 
the  pure  state  causes  death.  Even  when  largely  diluted  with  air 
it  is  extremely  disagreeable  and  injurious,  as  it  acts  rapidly  upon 
the  mucous  membranes  of  the  nose  and  throat,  causing  irritation 
and  inflammation,  which  usually  result  in  severe  catarrh.  A  few 
bubbles  of  chlorine  allowed  to  escape  and  diffuse  into  the  air  of  a 
room  give  to  the  air  a  distinct  and  rather  pleasant  smell.    Chlorine 

is  an  extremely  heavy  gas,  being  ^^'^^  =  2.4^  times  heavier  than 

14.44 

air.  One  litre  of  the  gas,  measured  under  the  standard  conditions 
of  temperature  and  pressure,  weighs  3.168  grammes.  The  density 
of  chlorine,  taken  at  all  temperatures,  does  not  exactly  agree  with 
that  which  is  required  for  the  molecular  formula  Clj.  At  tempe- 
ratures above  1200"*  the  density  is  markedly  less  .than  theory 
demands,  showing  that  partial  dissociation  of  the  chlorine  mole- 
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ngle  aloms  has  taken  place.     (Compare  liromini:  and 

of  its  heaviness,  chlorine  is  readily  collected  by  dis- 
placement ;  it  cannot  be  collected  over  mercury,  as  it  attacks  that 
metal,  and  in  water  it  is  considerably  soluble.  It  may,  however, 
be  collected  over  a  strong  brine,  as  it  is  much  less  soluble  in  this 
solution  than  in  water. 

Chlorine  is  not  inflammable,  but  it  supports  the  combustion  of 
many  burning  bodies.  Ii  is  possessed  of  such  exiremely  powerful 
chemical  affinities  that  it  acts  upon  a  larg'c  number  of  substances 
at  ordinary  temperatures,  and  in  many  cases  the  combination  is 
sufficiently  energetic  to  result  in  the  inflammalion  of  the  bodies. 
Phosphorus,  when  introduced  into  chlorine,  first  mciis  and  then 
spontaneously  inflames,  burning  with  a  somewhat  feeble  light  to 
form  phosphorus  trichloride  (PClj)  and  phosphorus  pentachloride 
(PClj).  The  elements  arsenic  and  antimony,  when  linely  powdered 
and  dusted  into  a  vessel  of  chlorine  at  once  take  lire  and  burn, 
fanning  ihejr  respective  chlorides.  Many  metals,  when  finely 
divided,  or  in  the  form  of  thin  leaf,  such  as  ordinary  Dutch  metal, 
instantly  lake  fire  when  brought  into  chlorine.  If  a  quantity  of 
sodium  be  heated  in  a  deflagrating  spoon  until  it  begins  to  burn  in 
the  air,  and  be  then  plunged  into  chlorine,  the  sodium  continues  to 
bum  in  the  gas  with  dazzling  brilliancy,  forming  sodium  chloride. 

Although  under  ordinary  circumstances  chlorine  unites  with 
metals  with  great  readiness,  it  has  been  shown  that  this  action  will 
not  take  place  if  the  chlorine  be  absolutely  dry.  Thus,  if  chlorine 
which  has  been  completely  freed  from  aqueous  vapour  be  passed 
into  a  lube  containing  bright  metallic  sodium,  and  the  lube  sealed, 
the  sodium  not  only  remains  bright  and  unaffected  by  the  gas,  but 
may  even  be  melted  in  the  atmosphere  of  chlorine  without  any 
action  taking  place.  Similarly,  dry  chlorine,  when  allowed  to  enter 
a  flask  tilled  with  Dutch  metal,  has  no  action  upon  il  ;  but  upon  the 
introduction  of  the  smallest  trace  of  moisture  the  nieiat  at  once 
takes  fire.*  These  facts  are  of  the  same  order  as  those  mentioned 
in  connection  with  oxygen  (see  page  191). 

Chlorine  is  not  capable  of  direct  combination  with  carbon  ;  ordi- 
nary combustiblest  therefore,  which  consist  of  hydrocarbons,  burn 
in  chlorine  by  virtue  of  the  combination  of  their  hydrogen  wilh  the 
gas;  and  (hey  burn  with  a  lurid  smoky  flame,  owing  to  the  elimina- 
tion  of  their  carbon   in  the   form  of  soot.     A  burning  taper  or 
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ordinary  gas  flame  when  introduced  into  chlorine  burns  in  this 
manner,  emitting  a  dense  smoke  and  forming  fumes  of  hydro- 
chloric acid. 

Chlorine  has  a  most  powerful  affinity  for  hydrogen  ;  a  jet  of 
hydrogen  bums  freely  in  chlorine,  with  the  formation  of  hydro- 
chloric acid.  A  mixture  of  hydrogen  and  chlorine  unites  with 
explosion  on  the  application  of  a  flame.  This  combination  takes 
place  also  under  the  influence  of  light  (see  Hydrochloric  Acid). 
The  affinity  shown  by  chlorine  for  hydrogen  is  seen  in  its  action 
upon  many  of  the  compounds  of  hydrogen  and  carbon.  If  one 
volume  of  ethylene  (C2H4)  be  mixed  with  two  volumes  of  chlorine, 
and  the  mixture  ignited,  the  carbon  is  instantly  thrown  o'ut  of  com- 
bination as  a  black  smoke,  while  the  hydrogen  unites  with  the 
chlorine,  forming  a  cloud  of  hydrochloric  acid.  Similarly,  if  a 
liquid  hydrocarbon,  such  as  turpentine  (CioHi,),  be  poured  upon  a 
piece  of  filter  paper,  and  the  paper  be  thrust  into  a  jar  of  chlorine, 
instant  inflammation  takes  place,  with  deposition  of  a  large  quantity 
of  carbon. 

Chlorine  possesses  strong  bleaching  properties,  which  depend 
upon  its  power  of  combining  with  hydrogen,  for  it  is  an  essential 
condition  that  water  shall  be  present.  The  chlorine  unites  with 
the  hydrogen  of  the  water,  and  the  liberated  pxygen  oxidises  the 
colouring  matter.  If  chlorine  be  bubbled  into  liquids  coloured 
with  any  vegetable  colouring  matter,  or  if  a  dyed  rag  be  dipped  into 
chlorine  water,  the  colour  will  be  rapidly  discharged.  Ordinary 
writing-ink  (which  usually  consists  of  a  compound  of  iron  with 
tannic  and  gallic  acids)  is  readily  bleached  by  chlorine  ;  while 
printer's  ink,  which  consists  mainly  of  carbon,  in  the  form  of  lamp- 
black, is  not  acted  upon  by  this  gas.  If,  therefore,  a  piece  of  printed 
paper  be  brushed  over  with  writing-ink  so  as  to  completely  obli- 
terate the  print,  and  the  blackened  paper  be  immersed  in  chlorine 
water,  the  writing-ink  will  be  rapidly  bleached  away,  leaving  the 
print  unchanged. 

The  bleaching  power  of  chlorine  constitutes  its  most  valuable 
property  from  an  industrial  point  of  view ;  the  chlorine  for  this 
purpose  is  combined  with  lime  to  form  the  substance  known  as 
bleaching-powder  (see  Calcium  Compounds). 

Chlorine  is  soluble  in  water  to  a  considerable  extent.  One 
volume  of  water  at  10*  absorbs  3.0361  volumes  of  chlorine 
measured  at  o**  and  under  760  mm.  pressure.  This  solution, 
known  as  chlorine  water,  has  the  same  colour  as  the  gas,  and 
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smells  strongly  of  chlorine.  If  exposed  to  the  air,  the  chlorine 
rapidly  diffuses  out  of  the  solution.  Chlorine  water  cannot  be 
preserved  for  any  length  of  time,  as  it  slowly  undergoes  de- 
composition, the  chlorine  combining  with  the  hydrogen  of  the 
water,  forming  hydrochloric  acid,  which  remains  in  solution,  and 
the  oxygen  being  liberated,  thus — 

H,0  +  Cl,=2HCl  +  0. 

This  action,  which  proceeds  slowly  under  ordinary  conditions, 
is  greatly  accelerated  by  the  influence  of  light,  and  if  exposed 
to  direct  sunlight  the  decomposition  is  very  rapid. 

If  chlorine  water  be  cooled  to  within  one  or  two  degrees  of  the 
freezing-point  of  water,  or  if  chlorine  be  passed  into  ice-cold  water, 
a  solid  crystalline  compound  of  chlorine  with  water  is  deposited. 
This  substance  is  termed  chlorine  hydrate^  and  has  a  composition 
expressed  by  the  formula  Cl2,10H2O.  The  compound  is  very  un- 
stable, and  when  exposed  to  the  air  it  melts  and  rapidly  gives  off 
chlorine.  If  the' crystals  are  quickly  freed  from  adhering  waterj 
and  are  then  sealed  up  in  a  glass  tube,  they  may  be  heated  to 
a  temperature  of  38*  before  being  decomposed.  Faraday  made 
use  of  this  compound  in  order  to  obtain  liquefied  chlorine.  A 
quantity  of  the  hydrate  was  sealed  up  in  one  limb  of  a  bent 
tube  and  was  gently  wanned,  the  compound  dissociated  into 
water  and  chlorine,  and  the  internal  pressure  caused  the  condensa- 
tion of  the  chlorine  to  the  liquid  condition. 

Liquid  Chlorine. — Under  the  ordinary  atmospheric  pressure, 
chlorine  may  be  liquefied  by  lowering  its  temperature  to  —  34°. 

At  a  temperature  of  o"  the  pressure  required  to  effect  its  lique- 
faction is  equal  to  six  atmospheres.  When,  therefore,  the  liquid 
is  obtained  by  heating  the  crystalline  hydrate,  as  in  Faraday's 
method,  one  limb  of  the  tube  should  be  cooled  by  being  placed 
in  ice. 

The  critical  temperature  of  chlorine  is  141',  and  the  pressure 
required  to  effect  its  liquefaction  at  that  point,  or  its  critical 
pressure,  is  84  atmospheres  (see  Liquefaction  of  Gases). 

Liquid  chlorine  has  a  bright  golden-yellow  colour,  entirely  free 
from  the  greenish  tint  possessed  by  the  gas.  Its  specific  gravity 
is  1.33,  and  it  boils  at  ~33.6^  When  cooled  to  a  temperature 
of  -  102**,  it  freezes  to  a  yellow  cr>stalline  mass.  Liquid  chlorine 
is  now  an  article  of  commerce.  It  is  contitined  in  iron  bottles 
lined  wiih  lead,  and  is  largely  exported  in  this  form,  for  use  in  the 
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extraction  of  gold,  tu  pans  of  the  world  where  the  carriage  of  the 
plant  and  materials  necessary  for  generatiDt'  large  quantities  of 
chlorine  would  be  attended  with  great  difficulties. 


HTDSOCELOaiC  Acn>  {HydngtH  C»laridt). 
Formula,  HCL     Molecular  wdght^ 36. 46.     E>cnsily=i8.a3. 

History.— In  solution  in  water  this  compound  was  known  to 
the  early  alchemists,  and  the  mixture  of  this  solution  with  nitric 
acid  constituted  the  valued  liquid  known  as  iifua  regra.     The 
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preparation  of  hydrochloric  acid  from  common  salt  is  associated 
with  the  name  of  Glauber  (i6;o),  who  obtained  it  by  the  action 
of  sulphuric  acid  upon  sodium  chloride  (common  salt).  Gaseous 
hydrochloric  acid  was  first  collected  and  examined  by  Priestley, 
who  collected  it  over  mercury  in  the  mercurial  pneumatic  trough 
invented  by  him.     He  named  the  gas  marine  acid  air. 

OeeuPPOnoe,— Gaseous  hydrochloric  acid  is  evolved  in  consider- 
able quantities  from  volcanoes  during  nctive  eruption. 

Modes  of  Formallon.— ( I .)  Hydrochloric  acid  may  be  syn- 
thetically produced  directly  from  its  elements  ;  thus,  this  compound 
is  formed  when  a  jet  of  hydn^en  is  caused  to  burn  in  an  aimus- 
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phere  of  chlorine.      If  r  mixture  of  chlorine   and   hydrogen   be 

ignited,  ihe  union  takes  place  instaniancottsly  with  explosion,  and 

hydrochloric   acid    is   produced.      Tile   union   of  hydrogen    with 

chlorine  will  also  lake  place  under  the  influence  of  light ;  thus,  if  a 

mixture  of  these  iwo  gases  be  exposed  to  even  diffused  daylight  for 

a  few  hours  the  greenish  colour  imparted  to  the  mixture  by  the 

chlorine  will  gradually  disappear,  and  on  examination  it  is  found 

that  (he  lube  contains  hydrochloric  acid.     This  combination,  which 

is  only  gradual  when  the  mixture  is  exposed  lo  dilTused 

1         daylight,  becomes  explosively  sudden  if  the  mixed  gases 

J  1      are  exposed  to  direct  sunlight,  or  any  arllRcial  light  which 

1  "      is  rich  in  rays  of  high  refrangibility — the  so-called  actinic 

I  rays.      If,  therefore,  a  glass  vessel  be  filled  with  a  mixture 

•  of  these  gases  in  equal  volumes,  and  the  mixture  be  placed 
in  bright  sunshine,  a  violent  explosion  will  result,  and 
hydrochloric  acid  will  be  produced.  This  phenomenon  is 
best  illustiated  by  filling  small  thin  glass  bulbs  with  a 
mixture  of  the  two  gases  obtained  by  the  electrolysis  of 
aqueous  hydrochloric  acid.  The  bulbs  when  filled  can  be 
herinelically  sealed  before  the  blowpipe  without  causing 
the  combination  of  tlii:  gases,*  and  if  kept  in  the  dark  may 
be  preserved  indefinitely. 

On  exposing  one  of  these  bulbs  to  the  light  of  burning 
magnesium  the  combination  of  (he  two  gases  instantly 
takes  place,  with  a  sharp  explosion  which  shatters  the  bulb 
to  powder.  The  bulb  should  therefore  be  screened,  as 
shown  in  Fig.  96. 

•  The  rays  of  light  which  are  capable   of  causing  this 
T      combination  are  those  which  compose  the  blue  and  violet 

end  of  the  spectrum  ;  if  these  particular  rays  are  absorbed 
from  the  lij^ht  by  means  of  ruby  glass,  the  mixture  of 
Tro,  97,  gases  may  be  exposed  to  the  red  light  so  obtained  with- 
out any  action  taking  ptace-t 
The  combination  of  chlorine  with  hydrogen  is  not  attended  by 
any  alteration  in  volume  ;  one  volutne  of  chlorine  combines  with 
onevolumeofhydrogen,and  the  resuilant  hydrochloric  acidoccupies 
two  volumes.  This  may  be  readily  proved  by  filling  a  stout  glass 
tube.provided  with  a  stop-cock  at  each  end,  with  a  mixture  of  the  two 
s  in  e7(4Ctly  equal  volumes,  and  causing  (hem  tocombineeither 
?8,  "Chrmical  Leclure  Experiments,"  nL-iv  cd. 
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by  the  influence  of  light  or  by  the  passage  of  an  electric  spark  by 
means  of  the  platinum  wires  sealed  into  the  lube  (Fig.  97).  On 
opening  one  of  the  stop-cocks  under  mercury  it  will  be  seen  that 
no  mercury  is  drawn  in,  neither  does  any  gas  pass  out  from  ihe 
tube,  thus  showing  that  the  union  has  taken  place  without  any 
alteration  in  the  volume.  If  one  of  the  cocks  be  now  opened 
beneath  water,  the  hydrochloric  acid  which  has  resulted  from  the 
union  of  the  hydrogen  and  chlorine,  being  extremely  soluble  in 
water,  the  liquid  will  rush  up  into  the  tube  and  completely  fill  it, 
showing  that  no  free  hydrogen  or  chlorine  remains  in  the  tube. 


Flo.  98. 

(z.)  For  all  ordinary  purposes,  hydrochloric  acid  is  always 
obtained  by  the  action  of  sulphuric  acid  upon  sodium  chloride. 
For  laboratory  uses  the  apparatus  seen  in  Fig.  98  may  be  con- 
veniently employed.  Sulphuric  acid,  previously  diluted  with  rather 
less  than  its  own  volume  of  water,  is  placed  in  the  flask,  and  a 
quantity  of  common  salt  is  added.  On  the  application  of  a  gentle 
heat  a  steady  stream  of  gas  is  evolved,  which  may  be  dried  by 
being  passed  through  Ihe  tubulated  bottle,  containing  pumice 
moistened  with  strong  sulphuric  acid.  The  gas  is  then  collected 
either  over  mercury  or  by  displacement  The  reaction  which 
takes  place  is  expressed  by  the  equation — 

NaCI  +  HrS04=-NaHS0,-t-HCI. 

If  strong  sulphuric  acid  be  employed  along  with  an  excess  of 
salt,  both  of  the  atoms  of  hydrogen  can  be  displaced  from  the 
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acid  ;  and  instead  of  the  hydrogen  sodium  sulphate  there  is 
formed  the  normal  sodium  sulphate — 

2NaCl+  HjS04=Na2S04  +  2HC1. 

A  much  higher  temperature  is  necessary  in  order  to  complete  the 
reaction  indicated  by  this  equation. 

Properties. — Hydrochloric  acid  is  a  colourless  gas  with  a 
choking,  pungent  odour.  In  contact  with  the  moist  air  it  forms 
dense  fumes,  consisting  of  minute  globules  of  a  solution  of  the 
gas  in  the  atmospheric  aqueous  vapour.  Hydrochloric  acid  does, 
not  bum,  neither  does  it  support  ordinary  combustion. 

It  is  heavier  than  air,  its  specific  gravity  being — 

18.23  «.       z^  /  ■         \ 
•^==1.26  (air=i). 

14.44  ^  ' 

Hence  the  gas  is  readily  collected  by  displacement.  One  litre  of 
the  gas  weighs  18.185  criths. 

Hydrochloric  acid  is  extremely  soluble  in  water ;  i  volume  of 
water  at  o"  and  under  a  pressure  of  7^0  mm.  is  capable  of  dis- 
solving 503  volumes  of  gaseous  hydrochloric  acid,  measured  at 
o*  and  760  mm.  As  the  temperature  rises  the  solubility  diminishes, 
as  seen  by  the  following  table  : — 

Temperature.  CoefTicient  of  Absorption. 

0°    .  .  .  .  .  .  503 

30° 411 

50*    .......      364 

The  solubility  of  hydrochloric  acid  may  be  illustrated  by  com- 
pletely filling  a  large  globular  flask  with  the  gas,  by  displacement, 
the  flask  being  provided  with  a  long  tube  passing  through  the  cork, 
as  seen  in  Fig.  99.  On  opening  this  tube  beneath  water,  the  gas 
begins  to  dissolve,  and  the  liquid  rises  slowly  in  the  tube  until  it 
reaches  the  top.  As  soon  as  the  first  few  drops  enter  the  globe, 
they  rapidly  absorb  the  gas,  thereby  causing  a  partial  vacuum  in 
the  vessel,  so  that  the  water  is  driven  up  the  tube  with  consider- 
able force,  forming  a  fountain,  which  continues  until  the  globe  is 
nearly  filled  with  liquid.  If  the  water  in  the  dish  is  rendered  blue 
by  the  addition  of  litmus  solution,  the  acid  nature  of  the  solution 
of  the  gas  will  be  evident  by  the  reddening  of  the  liquid  as  it 
enters  the  globe. 
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When  a  weak  aqueous  solution  of  hydrochtcric  acid  is  boiled 
it  loses  water  and  becomes  stronger ;  while,  on  the  other  hand, 
if  a  strong  solution  be  heated,  it  loses  gas  and  becomes  weaker, 
until  in  both  cases  an  acid  containing  20,24  per  cent,  of  HCI  is 
produced  which  boils  at  1 10°.  This  strength  of  acid  corresponds 
lo  a  composition  expressed  by  the  formula  HCWBH,0,  and  it 
was  at  one  lime  supposed  to  represent  a  definite  compound. 
Roscoe  and  Dittmar  have  shown,  however,  that,  as  with  nitric 
a<:id,  the  composition  of  the  liquid  which 
boils  at  a  constant  temperature  is  simply  a 
function  of  the  pressure.  (Compare  Nitric 
Acid,  page  339.) 

The  strongest  aqueous  solution  of  hydro- 
chloric acid  at  15°  C.  has  a  spiecific  gravity 
of  1.2 1 2,  and  contains  42.9  per  cent,  of  HCI. 

Hydrochloric  acid  gas  is  readily  liqueHed 
by  pressure.  At  a  temperature  of  10°  a 
pressure  of  40  atmospheres  will  effect  its 
liquefaction.  If  the  temperature  be  lowered 
to  -  16°,  the  same  result  is  obtained  by  a 
pressure  of  20  atmospheres.  The  critical 
temperature  of  hydrochloric  acid  is  52.3°. 

Condensed  hydrochloric  acid  is  a  colour- 
less liquid.     Gore  has  shown  that  this  lique- 
fied acid  is  without  action  on  most  of  the  "' 
metals  which  arc  readily  dissolved  by  the  aqueous  acid. 

The  composition  of  hydrochloric  acid  may  be  experimentally 
proved  by  a  number  of  methods.  It  may  be  shown  synthetically 
by  the  volumetric  experiment  referred  lo  above  (page  364). 

The  volumetric  proportion  of  hydrogen  contained  in  the  gas  may 
be  shown  by  means  of  sodium  amalgam.  The  sodium  in  the 
amalgam  acts  upion  the  hydrochloric  acid,  combining  with  the 
chlorine,  and  liberating  the  hydrogen — 

2Na  +  2HCl=2NaCI  +  H^ 

For  this  purpose  gaseous  hydrochloric  acid  is  introduced  into  one 
limb  of  the  U-shaped  eudiometer  (Fig.  100),  and  its  volume  indicated 
by  means  of  a  ring  upon  the  tube,  the  mercury  being  level  in  both 
limbs.  A  second  ring  marks  exactly  half  the  volume.  .A  quantity 
of  liquid  sodium  amalgam  is  then  pioured  into  the  open  limb  until 
it  is  completely  filled,  and  on  being  closed  by  the  thumb  the  tube 
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caD  be  invened  so  as  lo  decnnt  the  gas  into  this  limb.    After  beinff 
bubbled  once  or  twice  through  the  nmalgani,  the  gas  is  again 
returned  lo  its  former  place ;  and  hy  drawing  mercury  from  the 
branch  tube,  the  levels  in  each  limb  can  be  again  adjusted,  when  it  i 
will  be  found  that  the  gas  remaining  in  the  tube  occupies  the  spacsH 
exactly  down   to  the   upper  ring,  that  is  to  say,  two  volumes  tf| 
hydrochloric  acid  contain  one  volume  of  hydrogen.    That  the  g 


is  hydrogen  can  be  shown  by  again  filling  up  the  open  limb  » 
mercury,  and  driving  the  gas  out  of  the  stop-cock,  where  it 
inflamed  as  it  escapes. 

The  fact  thai   hydrochloric  acid  contains  the  same  volume  4 
chlorine  as  of  hydrogen  may  also  be  demonstrated  by  collec 
the  mixed  gases,  evolved  by  the  oleetrolysis  of  (he  aqueous  acid,  $ 
a  long  tube  provided  with  a  stoppered  funnel,  as  shown  in  Fig.  loi 
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The  gases  may  be  collected  over  a  saturated  solution  of  salt  in 
water,  and  the  tube  filled  to  the  lower  ring.  On  allowing  a  solution 
of  potassium  iodide  to  enter  by  means  of  the  funnel,  the  chlorine  is 
absorbed  with  the  liberation  of  iodine,  which  partially  dissolves 
and  partly  separates  as  a  solid.  When  the  absorption  of  the 
chlorine  is  complete,  the  water  will  have  risen  to  the  second  band 
placed  half-way  up  the  tube,  showing  that  one-half  of  the  gaseous 
mixture  consists  of  chlorine.  The  former  experiment  proved  that 
hydrochloric  acid  contained  half  its  volume  of  hydrogen,  therefore 
the  two  elements,  in  uniting  to  form  this  compound,  do  so  in  equal 
volumes  and  without  any  contraction  in  volume. 

When  aqueous  hydrochloric  acid  is  subjected  to  electrolysis,  the 
hydrochloric  acid  is  decomposed,  hydrogen  being  evolved  at  the 
negative  electrode  and  chlorine  at  the  positive.  At  first  the 
liberated  chlorine  is  dissolved  in  the  solution,  but  after  the  liquid 
has  become  saturated  with  the  gas,  the  whole  of  the  chlorine  is 
liberated.  By  conducting  this  decomposition  in  the  apparatus' 
seen  in  Fig.  102,  and  continuing  the  passage  of  the  electric  current 
until  the  liquid  in  one  limb  is  saturated  with  chlorine  before  closing 
the  stop-cocks,  it  will  be  seen,  when  the  gases  are  collected  in  the 
tubes,  that  they  are  evolved  in  equal  volumes. 

The  Manufacture  of  Hydrochloric  Acid. —  The  aqueous 
solution  of  hydrochloric  acid  is  an  object  of  commercial  manu- 
facture, which  is  carried  out  on  an  enormous  scale.  It  is  obtained 
by  the  decomposition  of  common  salt  by  means  of  sulphuric  acid, 
according  to  thp  reaction — 

2NaCl  I  H.^S04=NajS04  +  2HCl. 

• 

Formerly  hydrochloric  acid  was  a  waste  product  obtained  in  the  manufacture 
of  sodium  carbonate  by  the  method  known  as  the  Leblanc  process^  the  first 
stage  in  this  process  being  the  conversion  of  sodium  chloride  into  sodium 
sulphate  by  the  action  upon  it  of  sulphuric  acid.  I'he  hydrochloric  acid 
evolved  as  gas  in  this  reaction  was  allowed  to  escape  into  the  atmosphere. 
The  nuisance  caused  by  this  acid  gas  being  thrown  into  the  air,  ultimately 
resulted  in  the  "  Alkali  Act,"  which  compelled  manufacturers  to  absorb  this 
waste  acid.  Since  that  time  the  Leblanc  process  for  the  manufacture  of  sodium 
carbonate  has  had  a  formidable  rival  in  another  method,  known  as  the 
ammonia-soda  process  (see  Sodium  Compounds),  which  would  probably  have 
completely  driven  the  older  method  out  of  the  field,  but  for  the  commercial 
value  of  the  hydrochloric  acid  which  is  obtained  as  a  secondary  product  in 
the  Leblanc  process.  The  hydrochloric  acid,  therefore,  which  formerly  was 
thrown  away  as  a  waste  product,  is  now  the  salvation  of  the  process,  and  the 
utmost  care  is  taken  to  prevent  any  of  it  from  escaping,  not  now  by  com- 
pulsion of  the  Alkali  Act  so  much  as  from  purely  economic  reasons. 
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The  chaise  of  salt  and  sulphuric  acid  is  heated  in  an  enoimous 
hemispherical  cast-iron  pan,  built  into  a  brickwork  chamber,  so 
that  it  can  be  heated  by  a  fire  beneath,  and  so  that  the  evolved 
gas  can  be  conveyed  away  by  brick  or  earthenware  flues.  The  gas 
evolved  by  the  reaction  is  led  into  towers  which  are  filled  with  coke 
or  bricks,  and  down  which  water  is  made  to  percolate,  the  water 
being  caused  to  flow  equally  over  the  mass  by  means  of  special 
distributing  contrivances.  As  the  gaseous  hydrochloric  acid  passes 
up  the  towers  and  meets  the  descending  stream  of  water  it  is  en- 
tirely dissolved,  and  the  aqueous  acid  becomes  nearly  saturated  as 
it  reaches  the  bottom  of  the  tower. 

In  works  where  the  condensers  or  towers  are  not  of  great 


height,  it  is  usual  either  to  cool  the  gas  before  admitting  it  into 
the  towers,  or  to  pass  it  through  a  series  of  jars  resembling  gigantic 
Wouirs  bottles  (Fig.  103). 

The  water  in  these  bottles  is  made  to  flow  steadily  from  one  to 
the  other  by  the  side  pipes  r,  c  {in  the  direction  from  left  lo  right), 
while  the  gas  passes  through  the  system  in  the  opposite  direction. 
In  this  way  a  consi.intly  changing  surface  of  iiaicr  is  exposed  to 
the  gas,  and  a  ver>'  strong  solution  is  obtained. 

Commercial  hydrothloric  acid  is  generally  yellow  in  colour, 
owing  to  the  presence  of  iron  as  an  impurity  ;  and  it  is  always 
liable  to  contain  sulphuric  acid,  free  chlorine,  arsenic,  and  some- 
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times  sulphur  dioxide.  This  aqueous  solution  of  hydrochloric 
acid  is  also  known  under  the  names  of  "spirits  of  salt"  and 
muriatic  acid. 


OXIDES  AND  OXYACIDS  OP  CHLORINE, 

The  elements  oxygen  and  chlorine  have  never  been  made  to 
unite  together  directly :  two  compounds,  however,  of  these  elements 
can  be  obtained  by  indirect  methods  ;  these  are — 


Chlorine  monoxide  (hypochlorous  anhydride) 
Chlorine  peroxide 

Three  oxyacids  are  known,  viz.  :  — 


Hypochlorous  acid    . 
Chloric  acid 
Perchloric  acid 


CljO. 
ClOj. 


HCIO. 

HCIO,. 

HCIO4. 


CHLORINE  MONOXIDE  {Hypochlorous  Anhydride). 
Formula,  CljO.     Molecular  weight =86. 90.     Density =43. 45. 

Mode  of  Formation. — This  compound  is  obtained  by  passing 
dry  chlorine  over  dry  precipitated  mercuric  oxide  contained  in  a 
glass  tube,  the  temperature  of  which  is  not  allowed  to  rise.  The 
chlorine  combines  with  the  mercuric  oxide,  forming  mercuric  oxy- 
chloride,  and  chlorine  monoxide  is  liberated — 

2HgO  +  2C1,=  HgO,HgCl2+  Cl^O. 

Properties.—  At  ordinary  temperatures  chlorine  monoxide  is  a 
pale  yellow  gas,  without  the  greenish  tint  possessed  by  chlorine. 
Its  smell  strongly  suggests  chlorine,  but  is  readily  distinguishable 
from  it.  It  is  a  very  unstable  compound,  decomposing  with  more 
or  less  violence  with  moderate  rise  of  temperature.  When  strongly 
cooled  it  is  condensed  to  an  orange-yellow  coloured  liquid,  which 
l>oils  at  about  -  20*.  This  liquid  is  extremely  unstable,  exploding 
with  great  violence  on  the  gentlest  application  of  heat,  and  some- 
times on  merely  beincr  poured  from  one  vessel  to  another.  When 
exposed  to  direct  sunlight  it  also  explodes  ^ith  violence. 

Gaseous  chlorine  monoxide  is  considerably  soluble  in  •watfet.^Q;^*. 
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volume  dissolving  about   loo  volumes  of  the  gas,  forming  hypo- 
chlorous  acid — 

CL0  +  H,0  =  2HC10. 


CHLOBINE  PEROXIDE. 

Formula,  CIO].     Molecular  weight =67. 45.     Density =33. 72. 

Modes  of  Formation. — (i.)  By  the  action  of  sulphuric  acid 
upon  potassium  chlorate — 

3KC10s  +  2HjS04 = KCIO4  +  2H  KSO4  +  H  jO  +  2CIO2. 

Finely  powdered  potassium  chlorate  is  added  little  by  little  to 
concentrated  sulphuric  acid  in  a  small  retort.  The  salt  dissolves 
with  the  formation  of  a  reddish  liquid,  and  if  the  temperature  is 
not  allowed  to  rise,  no  gas  is  evolved.  On  very  cautiously  warm- 
ing the  retort  by  means  of  warm  water,  taking  care  not  to  heat 
the  glass  above  the  level  of  the  liquid  in  the  retort,  the  chlorine 
peroxide  is  evolved. 

(2.)  A  mixture  of  chlorine  peroxide  and  carbon  dioxide,  in  equal 
volumes,  is  obtained  by  heating  a  mixture  of  powdered  potassium 
chlorate  and  oxalic  acid  to  a  temperature  of  70°  in  a  water-bath — 

2KCIO3  +  2H2C2O4  =  K2C2O4  +  2H2O  +  2CO2  +  2CIO2. 

(3.)  Chlorine  peroxide,  mixed  with  chlorine,  is  evolved  by  the 
action  of  hydrochloric  acid  upon  potassium  chlorate — 

4KC103  +  12HC1  =  4KC1  +  6H.,0  +  9C1  +  3C102. 

This  mixture  of  gases  was  formerly  supposed  to  be  a  definite 
compound  of  oxygen  and  chlorine,  and  received  the  name  of 
etichlorine. 

Properties. — Chlorine  peroxide  is  a  heavy  gas,  with  a  deep 
yellow  colour.  It  has  an  intensely  unpleasant  smell,  and  if  in- 
haled, even  when  largely  diluted  with  air,  produces  headache. 
The  gas  attacks  mercury,  and  is  soluble  in  water,  so  that  it  can 
only  be  collected  by  displacement.  Chlorine  peroxide  is  an  ex- 
tremely unstable  compound,  it  is  gradually  resolved  into  its  ele- 
ments by  the  influence  of  light  ;  the  passage  of  an  electric  spark, 
or  the  introduction  into  it  of  a  hot  wire,  causes  it  to  decompose 
with  violent  explosion.     It  is  a  powerful  oxidising  compound  ;  a 
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piece  of  phosphorus  introduced  into  the  gas  takes  fire  spontane- 
ously. If  a  jet  of  sulphuretted  hydrogen  be  lowered  into  a  jar  of 
chlorine  peroxide,  the  sulphuretted  hydrogen  ignites  spontaneously 
and  continues  burning  in  the  gas. 

Its  oxidising  action  upon  organic  matter  may  be  shown  by 
liberating  the  gas  in  the  presence  of  such  a  substance  as  sugar, 
by  adding  a  drop  of  sulphuric  acid  to  a  mixture  of  powdered  sugar 
and  potassium  chlorate.  The  chlorine  peroxide,  liberated  by  the 
action  of  the  acid  upon  the  chlorate,  ignites  the  mixture,  and  the 
entire  mass  then  bursts  into  flame. 

When  chlorine  peroxide  is  strongly  cooled  it  condenses  to  a 
dark  red  liquid,  which  is  even  more  explosive  than  the  gas. 

HTPOCHLOROUS  ACID. 

Formula,  HCIO. 

Modes  of  Fopmation. — (i.)  As  already  mentioned,  this  acid  is 
formed  when  chlorine  mondxide  is  dissolved  in  water. 

(2.)  It  may  readily  be  obtained  in  dilute  solution  by  passing  an 
excess  of  chlorine  through  water  in  which  precipitated  mercuric 
oxide  is  suspended — 

HgO  +  HjO  +  2Cl2=HgCl2  +  2HC10. 

On  distilling  the  liquid,  the  dilute  acid  passes  over  as  a  colourless 
distillate. 

(3.)  In  dilute  solution,  hypochlorous  acid  may  be  obtained  by  the 
decomposition  of  a  hypochlorite  by  a  very  dilute  mineral  acid,  and 
subsequent  distillation  of  the  mixture  ;  thus,  if  to  a  solution  of 
calcium  hypochlorite  (obtained  by  treating  bleaching-powder  with 
water  and  filtering  the  solution)  very  dilute  nitric  acid  be  added 
and  the  solution  distilled,  a  dilute  colourless  acid  is  obtained — 

Ca(C10)2  +  2HN03=Ca(N03)2  +  2HC10. 

(4.)  This  compound  is  also  formed  when  a  stream  of  chlorine  is 
passed  through  water  containing  precipitated  calcium  carbonate  » 
suspension — 

CaCOj  +  H2O  +  203= CaClo  +  COj  +  2HC10. 

Properties. — Pure  hypochlorous  acid,   free    from  water,  hai 
never  been  obtained.     The  acid  produced  by  the  solution  in  watei 
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of  chlorine  monoxide  has  a  pale  stiaw-yellow  colour,  and  a  very 
characteristic  chlorous  smell.  Dilute  solutions  of  this  acid  are 
moderately  stable,  while  more  concentrated  solutions  readily 
undergo  spontaneous  decomposition. 

Hypochlorous  acid  is  a  powerful  oxidising  and  bleaching  agent, 
as  it  readily  gives  up  its  oxygen,  and  is  resolved  into  hydrochloric 
acid — 

HC10  =  HCl  +  0. 

As  an  oxidising  agent  it  is  twice  as  effective  as  an  equivalent 
quantity  of  chlorine  in  chlorine  water,  for  two  atoms  of  chlorine  are 
here  necessary  for  the  liberation  of  one  atom  of  oxygen — 

Cl2  +  H20  =  2HCl  +  0. 

Hypochlorous  acid  is  decomposed  by  hydrochloric  acid  with 
the  evolution  of  chlorine — 

HC10  +  HCl=H,0  +  Cl2. 

It  is  also  decomposed  by  silver  oxide,  oxygen  being  liberated — 

Ag20  +  2HC10  =  2AgCl  +  H20  +  02. 

The  salts  of  hypochlorous  acid  may  be  obtained  by  the  action  of 
the  acid  upon  the  hydroxides  of  the  metals  ;  thus — 

HC10  +  KHO  =  KaO  +  H.O. 

The  most  important  salt  of  this  acid  is  bleaching-powder  (see 
Calcium  Salts). 


CHLORIC    ACID. 

Formula,  HCIO3. 

Mode  of  Fonnation. — This  compound  is  best  obtained  by 
decomposing  barium  chlorate  with  an  exact  equivalent  of  sulphuric 
acid,  previously  diluted  with  water — 

Ba(C103)s  +  H4S04  =  BaS04  +  2HCIO3. 

The  clear  liquid  is  decanted  from  the  precipitated  barium  sul- 
phate,  and  is  then  concentrated  by  evaporation  in  vacuo. 
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The  strongest  acid  that  can  be  obtained  still  contains  80  per 
cent,  of  water.  Attempts  to  concentrate  it  further  result  in  its 
decomposition  into  free  chlorine  and  oxygen,  with  the  formation 
of  perchloric  acid  and  water. 

Properties. — The  strong  aqueous  acid  has  powerful  oxidising 
properties ;  many  organic  substances,  as  wood  or  paper,  are  so 
rapidly  oxidised  by  it  that  when  the  acid  is  dropped  upon  them 
they  are  frequently  inflamed. 

The  acid  even  in  dilute  solution  has  strong  bleaching  powers. 

The  salts  of  chloric  acid  are  far  more  stable  than  the  acid,  and 
some  of  them  are  of  considerable  technical  importance.  The 
chlorates  are  all  soluble  in  water,  and  all  yield  oxygen  on  being 
heated.  Chloric  acid  is  a  monobasic  acid  ;  the  chlorates,  there- 
fore, have  the  general  formula  M'ClOj  and  M'XCIO,)^,  where  M' 
and  M''  stand  for  monovalent  and  divalent  metals  respectively. 

Of  all  the  chlorates,  potassium  chlorate,  KCIO3,  is  by  far  the 
most  important  (see  Potassium  Compounds). 


PERCHLORIC  ACID. 

Formula,  HCIO4. 

Mode  of  Formation.— Perchloric  acid  is  best  prepared  by  the 
action  of  strong  sulphuric  acid  upon  potassium  perchlorate— 

2KCIO4+  HjS04=KjS04  +  2HC104. 

Pure  and  dry  potassium  perchlorate  is  mixed  with  four  times  its 
weight  of  concentrated  sulphuric  acid,  and  the  mixture  gently  dis- 
tilled in  a  small  retort.  The  distillate  at  first  consists  of  perchloric 
acid  ;  but  as  the  operation  proceeds  a  portion  of  the  perchloric  acid 
is  decomposed  into  lower  oxides  of  chlorine  and  water^  and  the 
latter,  combining  with  the  first  portions  of  the  distillate^  forms  a 
white  crystalline  compound,  having  the  composition  HCIO4H2O. 
This  body,  when  gently  heated,  gives  off  perchloric  acid  ;  it  may, 
therefore,  be  employed  for  the  preparation  of  ihe  acid  in  a  stale  of 
purity. 

Properties.— Perchloric  acid  is  a  colourless,  volatile,  and  strongly 
fuming  liquid,  having  a  specific  gravity  of  1.782  at  15*.  It  is  an 
extremely  powerful  oxidising  substance  ;  a  drop  of  the  liquid 
allowed  to  fall  upon  paper,  wood,  or  charcoal  is  instantly  decom- 
posed, sometimes  with  a  violent  explosion.     In  contact  with  the 
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skin  it  produces  most  painful  wounds  ;  when  allowed  to  drop  into 
water  it  produces  a  hissing  sound,  owing  to  the  energy  of  the 
combination. 

Perchloric  acid  cannot  be  preserved,  as  it  slowly  decomposes 
even  in  the  dark,  and  often  explodes  spontaneously. 

The  salts  of  this  acid  are  the  perchlorates,  of  which  the  most 
important  is  potassium  perchlorate  ;  they  are  all  soluble  in  water. 

Gomtitntion  of  the  OzideB  and  Oxyadds  of  Chlorine.— On  the  assump- 
tion that  chlorine  is  a  monovalent  element,  the  constitution  of  these  compounds 
may  be  thus  represented  :— 

Chlorine  monoxide,  CI  -  O  -  CL    I    Hypochlorous  acid,  CI  -  O  -  H. 
Chlorine  peroxide,  CI  -  O  -  O  - .    1    Chloric  acid .  Cl-O-O-O-H. 
Perchloric  acid,  Cl-O-O-O-O-H. 

It  is  possible,  however,  that  in  some  of  these  compounds  the  chlorine 
functions  as  a  trivalcnt  element,  and  that  these  compounds  have  a  constitution 
similar  to  the  oxides  and  oxyacids  of  nitrogen,  thus  : — 


Chlorine  monoxide,  CI  -  O  -  CI. 
Chlorine  peroxide,  -  Ck     |  . 

\o 


Nitrogen  monoxide,  N— O  — N. 
Nitrogen  peroxide,  -  N\    |  . 

\o 


Hypochlorous  acid,  CI  -  O  -  H.  Hyponitrous  acid,  N  -  O  -  H. 


Nitric  acid,  H  -  O  -  N<^  |  . 


O 


Chloric  acid,  H-O-ClC     | 

\o 


Perchloric  acid,  H  -  O  -  CIC       )0. 

O 

There  are  several  facts  which  point  to  the  belief  that  not  only  chlorine,  but 
also  bromine  and  iodine,  are  capable  of  fulfilling  the  functions  of  a  trivnlent 
element.  The  existence,  for  example,  of  such  a  compound  as  trichloride  of 
iodine,  ICI3,  is  difficult  to  explain  on  any  other  assumption  than  that  iodine  is 
here  a  trivalent  clement. 

Indeed,  from  a  consideration  of  the  salts  of  periodic  acids,  some  chemists  are 
in  favour  of  assigning  to  iodine  even  a  still  higher  valency,  and  of  regarding  it 
as  a  heptad  element  in  these  compounds  (see  Periodates,  page  394).  The 
constitution  of  such  molecules  as  those  of  hydroHuoric  acid  at  low  temperatures, 
namely,  HjF^,  or  H3F3,  or  HnFn,  and  of  the  acid  fluoride  of  potassium, 
HF.KF,  is  readily  understood  if  we  regard  llie  fluorine  as  functioning  in 
these  compounds  as  a  trivalent  element,  ihus — 

H-F=F-H;  H-F  -F-H;  H-F  =  F-K. 

/ 
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BBOUNE. 

Symbol,  Br.     Atomic  weight =79. 96.     Molecular  weight  =  159. 92. 

Vapour  density =79.96. 

History. — This  element  was  discovered  by  Balard  (1826),  in  the 
mother- liquor  obtained  after  the  crystallisation  of  salt  from  con- 
centrated sea-water.  He  applied  the  name  bromine  (signifying  a 
sttnch)  to  the  element,  in  allusion  to  its  unpleasant  smell. 

Occurrence. — Bromine  is  never  found  in  the  uncombined  state 
in  nature.  In  combination  chiefly  with  the  metals  potassium, 
sodium,  and  magnesium,  it  occurs  in  small  quantities  in  all  sea- 
water,  and  more  abundantly  in  many  mineral  waters  and  salt 
springs.  The  saline  deposits  of  Stassfurt  contain  notable  quantities 
of  bromides,  and  the  main  supply  of  bromine  for  the  market  is 
manufactured  from  this  source. 

Modes  of  Formation. — (i.)  Bromine  may  be  obtained  from  a 
bromide  by  displacement  with  chlorine.  If  to  a  solution  of  mag- 
nesium bromide,  chlorine  water  is  added,  the  chlorine  combines 
with  the  magnesium  and  the  bromine  is  liberated — 

MgBrj-H  CI,= MgClg -I- Brjj. 

On  distilling  the  liquid  the  brom'yie  is  driven  off,  and  can  be 
collected  in  a  well-cooled  receiver.  The  addition  of  any  excess  of 
chlorine  results  in  the  formation  of  bromide  of  chlorine,  and  is 
therefore  to  be  avoided. 

(2.)  Bromine  is  readily  obtained  from  potassium  bromide  by  the 
action  of  manganese  dioxide  and  sulphuric  acid,  a  reaction  exactly 
analogous  to  that  by  which  chlorine  is  obtained  from  sodium 
chloride — 

2KBr-HMn02-H2HjS04=MnS04-HK2S04  +  2H20-f.Br^ 

The  mixture  is  gently  distilled  from  a  retort  into  a  receiver  kept 
cold  by  means  of  ice. 

(3.)  Manufacturing  Methods.— Practically  all  the  bromine 
that  is  required  at  the  present  day  is  manufactured  from  crude 
carnallite  obtained  at  Stassfurt  (see  Alkali  Metals).  This  salt 
contains  bromine  combined  with  magnesium,  the  magnesium 
bromide  forming  about  1  per  cent,  of  the  magnesium  chloride  in 
the  crude  substance.     The  final  mother-liquors  from  the  manu&c- 


378 


Inorganic  Chemistry 


ture  of  potassium  chloride,  and  which  were  formerly  run  to  waste, 
are  found  to  contain  about  .2$  per  cent,  of  bromine  as  magnesium 
bromide,  and  these  liquors  are  now  utilised  for  the  manufacture  of 
bromine. 

The  bromine  is  liberated  from  its  combination  with  magnesium, 
by  means  of  chlorine.  In  some  processes  the  mother-liquor  is 
mixed  with  manganese  dioxide  and  sulphuric  acid  in  a  stone  vessel 
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Fig.  104. 

resembling  an  ordinary  chlorine  still.  The  magnesium  chloride  in 
the  liquor  is  acted  upon  by  the  manganese  dioxide  and  sulphuric 
acid  with  the  evolution  of  chlorine,  and  this  decomposes,  the 
bromide  present  displacing  the  bromine — 

MgCl2+Mn024-2H.^S04  =  MnS04-fMgS04  +  2H5jO  +  Clj. 

MgBVo  +  CI.,  =  MgCla  -f  Br.^,. 


The  bromine  that  is  driven  out  is  condensed  by  means  of  a  worm 
condenser. 


Bt 


Z79 

Instead  of  the  chlorine  being  generated  within  the  mother-liquor, 
it  is  now  more  usually  produced  in  a  separate  chlorine  still,  and' 
passed  into  the  liquor.  Fig.  104  shows  in  diagrammatic  fonn  the 
method  employed.  The  hot  mother-liquor  is  admitted  by  the  pipe 
A  into  the  towerT,  which  is  filled  with  earthenware  baJla^  between 
which  the  liquid  percolates.  It  leaves  the  tower  by  the  pipe  1), 
and  flows  into  the  lank  W,  which  is  provided  with  shelves  in  such 
a  way  that  the  liquid  must  circulate  through  it  in  the  direction 
indicated  by  the  arrows.  TTic  exil-pipe  from  this  tank  empties 
into  a  waste,  placed  at  such  a  height  that  the  tank  is  always  nearly 
full.  The  liquid  in  the  tank  is  kept  at,  or  near,  the  boiling-point,  by 
means  of  a  current  of  sleain  blown  in  through  S.     Chlorine  from  a 


still  is  admitted  by  the  p  pe  L  and  pusing  mto  the  lower  by  the 
pipe  It,  travels  in  an  opposite  direction  to  the  current  of  liquid. 
.\s  (he  chlorine  passes  up  the  tower  it  meets  the  descending  mother- 
liquor,  and  decomposes  the  magnesium  bromide  contained  in  it 
with  the  liberation  of  bromine.  The  bromine  vapour  leaves  the 
tower  by  the  pipe  C,  and  is  conveyed  to  a,  worm  ( Fig.  105),  where  It 
is  condensed.  Any  bromine  which  dissolves  in  the  water  in  the 
lower  is  aftain  expelled  from  solution  by  the  steam  as  the  liquid 
traverses  the  tank  W,  and  is  swept  up  into  the  tower  by  the  current 
of  chlorine.  The  condensed  bromine  as  it  leaves  the  worm  is 
collected  in  a  tubulated  bottle,  and  any  vapour  which  escapes  con- 
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densation  is  arrested  by  the  vessel  F  (Fig.  105).  This  tube  is  filled 
with  iron  borings,  kept  n»oist  by  the  constant  dropping  of  water 
upon  them,  and  any  bromine  or  bromide  of  chlorine  is  there  con- 
verted into  iron  compounds,  which  are  dissolved  by  the  water, 
and  flow  away  into  the  receiver.  The  bromine  is  purified  by 
redistillation. 

Just  as  in  the  case  of  chlorine,  these  older  methods  of  manu- 
facture seem  destined  to  give  place  to  electrolytic  processes.  The 
method  now  being  introduced  for  the  extraction  of  the  bromine 
from  the  Stassfurt  liquors  depends  upon  the  fact  that  when  a 
solution  containing  a  chloride  and  a  bromide  is  submitted  to 
electrolysis,  the  bromine  is  liberated  first,  before  any  chlorine 
escapes.  Hence,  by  subjecting  the  liquors  to  electrolysis,  under 
suitable  conditions,  the  whole  of  the  bromine  is  readily  separated. 

Properties. — Bromine  is  a  heavy  but  mobile  liquid  of  a  deep 
reddish-brown  colour.  Except  in  extremely  thin  layers  it  is  opaque. 
It  is  the  only  non-metallic  element  which  is  liquid  at  the  ordinary 
temperature.  Bromine  boils  at  59**,  but  being  a  very  volatile  liquid 
it  gives  off  vapour  rapidly  at  the  ordinary  temperature.  A  drop  of 
bromine  allowed  to  fall  into  a  flask  immediately  evaporates  and 
fills  the  vessel  with  a  dark  red-brown  vapour.  The  specific  gravity 
of  the  liquid  at  o**  is  3.188.  At  -7°  bromine  solidifies  to  a  crystal- 
line mass.  Bromine  has  a  powerful  and  disagreeable  smell.  When 
the  vapour,  largely  diluted  with  air,  is  inhaled,  it  suggests  chlorine 
by  its  smell  and  by  its  action  upon  the  mucous  membrane  of  the 
throat  and  nose  ;  it  has  in  addition,  however,  a  most  irritating 
action  upon  the  eyes.  It  is  very  poisonous,  and  the  liquid  exerts  a 
corrosive  action  upon  the  skin  ;  it  produces  a  yellow  colour  when  . 
brought  in  contact  with  starch. 

The  vapour-density  of  bromine,  taken  at  moderately  high  tem- 
peratures, gradually  becomes  less  than  is  demanded  by  the  formula 
Br2,  showing  that  dissociation  takes  place.  In  the  case  of  bromine 
this  is  more  marked  than  with  chlorine. 

Bromine  is  soluble  in  water,  imparting  its  own  colour  to  the 
solution  which  is  known  as  bromine  water.  100  grammes  of  water 
at  o'  dissolve  3.60  grammes  of  bromine.  The  solubility  steadily 
diminishes  as  the  temperature  rises  :  at  20°  it  is  3.208,  and  at  30* 
it  is  3.126. 

When  bromine  water  is  cooled  to  o*  it  deposits  a  crystalline 
hydrate  similar  in  composition  to  the  hydrateof  chlorine,  BrjjlOHjO. 

Bromine  resembles  chlorine  in  its  chemical  attributes  ;  it  com- 
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bines  directly  with  metals  and  many  other  elements,  although  with 
less  energy  than  is  exhibited  by  chlorine.  A  fragment  of  arsenic, 
for  example,  when  dropped  upon  bromine,  ignites  and  burns  upon 
the  surface  of  the  liquid. 

Like  chlorine,  it  has  bleaching  properties,  due  to  its  power  of 
combining  with  hydrogen. 


HTDROBROUC  ACID. 

Formula,  H Br.     Molecular  weight =80.97.     Density =40.48. 

Modes  of  FOPmation. — (i.)  Hydrobromic  acid  can  be  obtained 
by  the  direct  union  of  its  elements.  Bromine  vapour  and  hydrogen, 
when  mixed,  do  not  combine  under  the  influence  of  light ;  neither 
does  such  a  mixture  explode  when  a  light  is  applied  to  it.  The 
mixture,  however,  may  l)e  caused  to  bum,  when  hydrobromic  acid 
is  formed  ;  or,  if  the  mixed  gases  be  passed  through  a  red-hot  tube, 
the  same  result  follows.  A  simple  method  of  prejxiring  hydro- 
bromic acid  synthetically  consists  in  passing  a  mixture  of  hydrogen 
and  bromine  vapour  over  a  spiral  of  platinum  wire,  maintained  at  a 
red  heat  by  means  of  an  electric  current.* 

(2.)  The  Ixjst  method  for  the  preparation  of  gaseous  hydrobromic 
acid  consists  in  dropping  bromine  upon  red  phosphorus  which  has 
been  moistened  with  a  small  quantity  of  water,  when  tribasic 
phosphoric  acid  is  formed,  and  hydrobromic  acid  is  liberated — 

P  +  4HaO  +  r)Br=H3P04  +  5HI3r. 

We  may  suppose  that  in  this  reaction  the  bromides  of  phosphorus 
are  formed  and  simultaneously  decomposed,  the  action  of  water 
upon  these  compounds  being  thus  expressed — 

PBr3  +  3HaO  =  H3P03  4-3HBr. 
PBr6  +  4H5j(>  =  H3P04  +  5HBr. 

(3.)  Hydrobromic  acid  may  be  obtained  by  the  action  of  phos- 
phoric acid  upon  potassium  bromide — 

3KBr+H3P04  =  K3P04  +  3HBr. 

(4.)  If  sulphuric  acid  be  employed  (as  in  the  formation  of  hydro- 
chloric acid  from  a  chloride),  free  bromine  is  simultaneously  pro- 

•  See  "Chemical  Lecture  Experiments,"  new  ed.,  No.  225. 
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duced,  owing  to  the  reduction  of  a  portion  of  the  sulphuric  acid 
by  the  hydrobromic  acid  which  is  first  evolved,  thus — 

H8S04  +  2HBr=S02  +  2H20  +  Br^ 

(5.)  A  dilute  aqueous  solution  of  hydrobromic  acid  may  also  be 
obtained  by  passing  a  stream  of  sulphuretted  hydrogen  through 
bromine  water- 

H,S4-Br2=S  +  2HBr. 

(6.)  Hydrobromic  acid  is  readily  obtained  by  the  action  of 
bromine  upon  certain  hydrocarbons,  such  as  turpentine  or  melted 
paraffin.  The  action  is  one  of  substitution,  one  atom  of  bromine 
replacing  one  atom  of  hydrogen  in  the  compound,  and  the  hydrogen 
so  displaced  combining  with  a  second  bromine  atom  to  form  hydro- 
bromic acid.  Thus,  if  the  hydrocarbon  be  represented  by  the 
general  formula,  CnHjn  +  2>  the  action  of  bromine  will  be  repre- 
sented thus — 

CnH2„+2  +  Br2=CnH2n+iBr+  HBr. 

PropeFties. — Hydrobromic  acid  is  a  colourless,  pungent-smell- 
ing gas,  which  fumes  strongly  in  the  air.  It  is  extremely  soluble 
in  water,  forming  an  acid  liquid  strongly  resembling  aqueous 
hydrochloric  acid. 

When  boiled,  this  solution  loses  either  acid  or  water,  until  it 
reaches  a  degree  of  concentration  at  which  it  contains  48  per  cent, 
of  hydrobromic  acid.  The  acid  of  this  strength  then  continues  to 
boil  unchanged  at  126**.  As  with  hydrochloric  acid,  the  strength 
of  the  liquid  which  boils  at  a  constant  temperature  depends  upon 
the  pressure. 

Hydrobromic  acid  is  decomposed  by  chlorine,  with  the  liberation 
of  bromine — 

2HBr-»-Cl2=2HCI  +  Br2. 

In  its  chemical  behaviour,  hydrobromic  acid  closely  resembles 
hydrochloric  acid,  and  this  resemblance  is  extended  to  the  bromides. 
All  bromides  are  soluble  in  water,  except  mercurous  bromide, 
silver  bromide,  and  lead  bromide,  the  latter  being  slightly 
soluble. 
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OXY ACIDS   OF  BROMINE. 

No  oxides  of  bromine  corresponding  with  the  oxides  of  chlorine 
have  as  yet  been  obtained  ;  two  oxyacids,  however,  are  known, 
viz.  :  — 

Hypobromous  acid  HbrO. 

Bromic  acid HBrO-. 


HTPOBROMOUB  ACID. 

Formula,  HBrO. 

Mode  of  Formation. — An  aqueous  solution  of  hypobromous 
acid  may  be  obtained  by  shaking  together  a  mixture  of  bromine 
water  and  precipitated  mercuric  oxide,  the  reaction  being  ana- 
logous to  that  by  which  hypochlorous  acid  is  prepared — 

HgO  +  HaO  +  2Brj  =  HgBr5,  +  2HBrO. 

Properties. — Hypobromous  acid  is  an  unstable  compound  ;  it 
breaks  up  on  distillation  into  oxygen  and  bromine.  By  heating  to 
40**  in  vacuo,  however,  it  can  be  distilled  without  decomposition. 
The  aqueous  liquid  so  obtained  has  a  pale-yellow  colour.  It 
readily  gives  up  its  oxygen,  and  is  a  strong  bleaching  agent  ; 
when  heated  to  about  60^  it  decomposes. 


BBOMIO   AOID. 

Formula,  HRrOj. 

Modes  of  Formation. — (i.)  This  acid  is  only  known  in  aqueous 
solution  ;  in  this  form  it  may  be  obtained  by  the  action  of  bromine 
upon  silver  bromate  in  the  presence  of  water — 

SAgBrOg  +  3Brj  +  SHjO  =  5AgBr  +  6H  BrOy 

The  insoluble  silver  bromide  separates  out,  and  the  aqueous 
acid  can  be  decanted  from  the  precipitate. 

(2.)  A  solution  of  this  acid,  mixed  with  hydrochloric  acid,  is  also 
formed  when  chlorine  is  passed  through  bromine  water — 

Br.^  +  5Cl3j+6H4O  =  10HCH-2HBrO3. 
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(3.)  The  decomposition  of  barium  bromate  by  the  requisite 
weight  of  sulphuric  acid  affords  the  best  method  for  the  preparation 
of  a  pure  aqueous  solution  of  bromic  acid — 

Ba(Br03)2  +  H2S04=  BaS04+2HBr03. 

Properties. — Bromic  acid  is  an  unstable,  strongly  acid  sub- 
stance, closely  resembling  chloric  acid.  The  aqueous  solution 
may  be  concentrated  in  vacuo  until  it  contains  about  50  per  cent, 
of  bromic  acid,  representing  a  composition  of  i  molecule  of  the 
acid  to  7  of  water.  Beyond  this  degree  of  concentration,  or  if 
heated  to  100",  the  acid  decomposes  into  bromine,  oxygen,  and 
water. 

The  bromates  are  fonned  by  reactions  similar  to  those  by  which 
the  chlorates  are  produced  ;  thus,  by  adding  bromine  to  a  solution 
of  potassium  hydroxide,  a  mixture  of  potassium  bromide  and 
bromate  is  obtained — 

6KHO-f  3Br2  =  5KBr+  KBrOs+SHjO. 

And  the  two  salts  can  be  separated  by  crystallisation,  owing  to  the 
greater  solubility  of  the  bromide. 

The  bromates  decompose  on  being  heated,  some  with  the 
liberation  of  oxygen  and  formation  of  bromide — 

KBr03=KBr+30, 

but  without  the  intermediate  production  of  a  perbromate.  Others 
give  off  their  bromine  as  well  as  a  part  of  the  oxygen  they  contain, 
leaving  the  metal  in  combination  with  oxygen — 

Mg(Br03)2=MgO  +  Br2+50. 


IODINE. 

Symbol,  I.     Atomic  weight —126. 85.     Molecular  weight =253. 7CX 

Vapour  density  =  126. 85. 

History.— Iodine  was  discovered  by  Courtois  (18 12),  who  ob- 
served that  a  beautiful  violet  vapour  was  evolved  during  his 
endeavours  to  prepare  nitre  from  liquors  obtained'by  lixiviating^ 
the  ashes  of  burnt  seaweed.  The  substance  was  subsequently 
investigated  by  Gay-Lussac. 
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Occurrenee. — Like  all  the  other  members  of  this  group  of 
elements,  iodine  is  never  found  in  nature  in  the  uncombined  con- 
dition. In  combination  it  occurs  associated  principally  with 
potassium,  sodium,  magnesium,  and  calcium,  as  iodides  and 
iodates. 

Iodine  is  a  widely  distributed  clement,  although  not  occurring 
in  more  than  small  quantities  in  any  particular  source.  Thus  it  is 
found  in  small  quantities  in  sea-water  and  in  both  marine  plants 
and  animals.  The  amount  of  iodine  in  seaweed  varies  with  diffe- 
rent plants  ;  generally  speaking,  those  from  greater  depths  contain 
more  than  weeds  which  grow  in  comparatively  shallow  waters. 

r\      \vt    ji.  Per  Cent,  of 

Dry  Weedfc  ,^^i„^ 

Drift  weed  \  ^a"^!"**^*  digitata  (stem)        .  a4535 

(  Laminaria  stenophylla  ^A777 

C  X        d     J  Fucus  serratus ....  0.0856 

(  Ascophyllum  nodosum  0.0572 

Iodine  is  also  found  in  small  quantities  in  many  mineral  waters 
and  medicinal  springs. 

In  small  quantities  iodine  is  present  in  the  natural  sodium  nitrate 
of  CKili  and  Peru,  known  as  Chili  saltpetre,  and  at  the  present  day 
this  constitutes  the  most  abundant  source  of  this  element. 

Mode  of  Formation. — Iodine  may  be  readily  obtained  by  a 
precisely  similar  reaction  to  that  by  which  both  bromine  and 
chlorine  are  produced  ;  thus,  if  potassium  iodide  be  mixed  with 
manganese  dioxide  and  sulphuric  acid,  and  the  mixture  gently 
heated  in  a  retort,  iodine  distils  over  and  condenses  in  the  form  of 
greyish-black  crystals — 

2KI-l-MnOj-l-2H2S04  =  KjS04+MnS04-f2H20-l-I,. 

Manufacturingr  Processes. — On  an  industrial  scale  iodine  is 
obtained  from  two  sources,  namely,  from  seaweed  and  from  caliche 
(Chili  saltpetre). 

(i.)  From  seaweed.  The  weeds  chiefly  employed  are  the  Lami- 
na ria  (Ufritata  and  Laminaria  stenophylla.  The  weed  is  burnt  in 
shallow  pits,  care  being  taken  to  avoid  too  high  a  temperature  ;  the 
maximum  yield  of  iodine  being  obtained  if  the  ash  is  not  allowed 
to  fuse.  This  ash  is  technically  known  as  keip^  and  if  the  weed  is 
properly  burnt,  it  should  yield  a  kelp  containing  from  25  to  30  lbs. 

of  iodine  per  ton.    The  kelpers,  however,  usually  lose  about  half 

2  B 
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ihu  iodine  on  account  of  burning  the  weed  ai  100  high  a  lem] 
ture,  (hereby  fusing  the  ash  into  a  hard  slag,  instead  of  obtainii 
a  porous  residue. 

An  improved  process  of  carbonising  the  weed  was  introduced 
Stanford  (1863),  in  which  it  was  heated  in  large  retorts,  wherel 
the  volatile  products  of  the  distillation,  consisting  largely  of 
and  ammoniacal  liquor,  could  be  collected.    The  kelp  obtained 
by  this  method  is  in  a  very  porous  condition,  and  contains  the 
whole  of  the  iodine  originally  present  in  the  weed. 

A  slill  more  recent  process  for  extracting  the  iodine  from  sea- 
weed, and  at  the  sanie  time  obtaining  other  useful  materials,  has 
since  been  discovered  by  Stanford.  The  weed  is  boiled  with 
sodium  carbonate  and  61tered  ;  the  residue  consists  of  a  substance 
called  algulose.  Hydrochloric  acid  is  added  to  the  filtered  liquid, 
which  precipitates  a  compound  known  as  alginic  add,  and  this 
is  again  separated  by  liltration.  The  liquor  is  neutralised  wiib 
sodium  hydroxide,  evaporated  to  dryness  and  carbonised.  The 
residue,  which  is  known  as  "kelp  substitute,"  contains  all  the 
iodine,  as  well  as  (he  potash  salts,  and  should  yield  aliout  30 
of  iodine  per  ion. 


[Tht  niginic  acid  0 

blainecl  in  Ih 

is  proc«s$  is  purilieil  1 

nstilmisihe. 

™„mcrcial  '■  ..lein.' 

□111  or  albuminous  m 

Mtire  which 

h.is  lately  bwn  pul  1 

J  me  ^ 


The  kelp  obtained  by  either  of  these  methods  is  lixiviated  with 
water  in  large  iron  vats,  whereby  all  ihe  soluble  salts  are  extracted. 
This  aqueous  liquid  is  eonceniraied  in  large  open  boiling  pans, 
and  the  less  soluble  sails,  vii.,  the  alkaline  sulphates,  carbonatea,  { 
and  chlorides,  are  allowed  lo  crystallise.     The  mother-liquor  \ 
then  mixed  with  sulphuric  acid  and  allowed  to  stand.     The  % 
phuric  acid  decomposes  any  sulphides  and  sulphites  which  I 
be  present,  with   the  separation  of  sulphur  ;  It  also  converts  t 
bromides  and  iodides  into  the  corresponding  sulphates,  with  t 
liberation  of  hydrobromic  and  hydriodic  acids  which  r 
solution,  while  the  alkaline  sulphates  are  deposited  from  the  liqiu) 
and  are  technically  known  as  plate  sulpkale.     The  liquor  is  t' 
transferred  to  the  iodine  still,  which  is  an  iron  pot  furnished  \ 
a  leaden  cover  into  which  two  exit-pipes  are  fixed  (Fig.  1 
These  are  connected  to  a  series  (usually  ten  in  each  row)  of  li 
earthenware  jars  or  aludeh.      A   gentle   heal   is    applied,  t 


'.  dioxide  a  introduced  from   time  to    time    ihraugh    I 
rilie  »|>cning.    The  iodine  is  evolved  according  to  the  following 

2H 1  +  MnO,-(-  H,S04=  MnS0,+2H,0+  Ij, 
t  and  condenses  in  the  jars.    These  vessels  are  nlso  fumislicd  with  a 
I  tubulus  upon  their  under  side,  so  that  the  water  which  is  evolved   I 
[  during  the  distillation  can  drain  out,  and  nin  olTdnwnihe  trough  ir 
I  which  ihe  jars  are  resting. 

(2.)  l-'rom  Chili  saltpetre.     The  crude  sodiu 


Fir:,  lofi. 

r  and  Peru,  Icnown  as  caliehe,  contains  small  quantities  of  iodine, 
[  chiefly  as  sodium  iodaie.     Although   the  amount  of  iodine   in 
[  caliche  is  only  very  smjill,  averaging  about  0.3  per  cent.,  in  view 
\   of  the  enormous  quantity  of  nitrate  that  is  turned  nut,  ihe  aggre- 
I  gate  amount  of  iodine  is  very  great.     The  iodine  is  now  extracted, 
ind  the  supply  of  this  element  that  Is  now  manufactured  from  this  , 
lource  is  more  than  the  total  consumption  of  iodine  in  the  whole  1 
*'orld.     The  process  is  based  upon  the  fact,  that  when  a  solution  1 
of  hydrogen  sodium  sulphite  (sodium  bisulphite)  is  added  to  a  1 
[  solution  of  an  iodate,  iodine  is  precipitated,  thus— 

2NaIO,+6NaHSO,,  =  3NaHSO,+2NajSO,  +  H,0  +  l^ 

The  final  mother-liquor  from  the  sodium  nitrate,  or  caliche,  in 

[  which  all  the  iodate  has  concentrated,  contains  as  much  as  32 

cent,   of  this  salt.     This  liquor  is  mixed   with  the   l^quisite 

>   proportion  of  the  hydrogen  sodiuin  sulphite  solution,  in  large  lead- 
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lined  vats,  and  the  precipitated  iodine  allowed  to  settle.  It  is 
then  washed  and  pressed  into  blocks,  and  is  found  to  contain 
from  80  to  85  per  cent,  of  iodine.  This  impure  product  is  then 
distilled  at  a  gentle  heat  from  iron  retorts,  the  vapour  being  con- 
densed in  a  series  of  earthenware  receivers  much  as  in  the  older 
method. 

Properties. — Iodine  is  a  bluish-black  shining  solid,  somewhat 
resembling  graphite  in  lustre  and  general  outward  appearance.  It 
crystallises  in  large  brilliant  plates,  which  have  a  specific  gravity 
of  4.95.  When  heated  to  107' iodine  melts  and  gives  off  vapour 
having  a  beautiful  violet  colour.     Its  boiling-point  is  about  I75^ 

Iodine  vaporises  slowly  at  ordinary  temperatures,  and  sublimes 
from  one  part  to  another  of  a  bottle  in  which  a  small  quantity  of 
it  is  contained.  The  smell  of  iodine  vapour  is  somewhat  irritating 
and  unpleasant,  recalling  the  smell  of  moderately  diluted  chlorine. 
When  iodine  vapour  is  heated  it  passes  from  a  violet  colour  to  a 
deep  indigo  blue.*  This  change  in  the  colour  is  accompanied 
by  a  diminution  of  the  vapour-density.  Up  to  a  temperature  of 
700**  the  density  of  iodine  corresponds  to  the  formula  Ig ;  as  the 
temperature  is  raised  the  density  gradually  diminishes,  until  at 
1468**  it  is  reduced  to  less  than  two-thirds.  At  this  point,  73.1  per 
cent,  of  the  iodine  molecules  have  become  dissociated  into  single 
atoms. 

Iodine  is  slightly  soluble  in  water,  i  gramme  of  iodine  being 
dissolved  by  5.524  litres  of  water  at  10".  This  dilute  solution, 
however,  has  a  perceptible  brown  colour.  Iodine  is  freely  soluble 
in  aqueous  potassium  iodide  solution,  in  alcohol,  ether,  and  aqueous 
hydriodic  acid  ;  in  all  these  solvents  it  dissolves  to  a  dark  reddish- 
brown  solution.  In  chloroform,  carbon  disulpbide,  and  many 
liquid  hydrocarbons,  iodine  is  also  soluble,  but  in  these  solvents 
it  dissolves  to  a  deep  violet  solution  resembling  the  colour  of  the 
vapour. 

When  iodine  is  brought  into  contact  with  starch  it  forms  an 
intense  blue  colour.  This  reaction  is  so  extremely  delicate  that 
it  is  capable  of  revealing  the  minutest  trace  of  iodine.  The  exact 
nature  of  this  blue  compound  is  not  known.  The  colour  disappears 
when  the  liquid  is  heated  to  about  80**,  but  returns  on  cooling  ; 
continued  boiling  destroys  it  permanently. 

In  its  chemical  relations  iodine  resembles  chlorine  and  bromine, 
but  with  a  lesser  degree  of  energy.  Both  these  elements  are 
*  "  Chemical  Lecture  Experiments,"  new  ed.,  No.  231. 
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;apable  of  displacing  iodine 
positive  elements,  thus— 


s  combination!  with  electro- 


Iodine  combines  with  many  elements,  both  metals  and  non- 
meta.ls,  forming  iodides.-  Phosphorus,  when  brought  in  contact 
with  iodine,  at  once  melts  and  inflames  ;  antimony  powder  dropped 
into  iodine  vapour  also  spontaneously  inflames.  When  mercury 
and  Iodine  are  gently  heated,  energetic  combination  takes  place, 
c  iodide  is  formed. 


H7DBI0DI0  AOIO. 

Fcumiila  HI.     Molecul.-u  weight  =  137.86,     Deiiuty=63.(i3. 

Modes  of  Formation.— ( I.)   Hydriodic  acid  can  be  obuined 


synthetically  by  passing  a  mixture  of  hydrogen  and  iodine  vapour 
over  strongly  heated,  finely  divided  platinum. 

(1.)  ll  is  also  obtained  by  the  action  of  phosphoric  acid  upon 
sodium  or  potassium  iodide  (see  Hydrobromic  Acid). 

As  in  the  case  of  the  corresponding  bromine  compound,  sul* 
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phuric  acid  cannot  be  employed,  as  by  its  action  upon  the  iodide, 
iodine  and  sulphur  dioxide  are  liberated,  thusj- 

2KI+3HaS04=2HKS04  +  2HjO  +  SO,+  l2. 

(3.)  Hydriodic  acid  is  produced  by  the  action  of  sulphuretted 
hydrogen  upon  iodine  (p.  410).  At  the  ordinary  temperature, 
and  in  the  absence  of  water,  these  two  substances  do  not  react, 
hydriodic  acid  being  an  endothermic  compound  (p.  168)  ;  but  if 
the  iodine  be  suspended  in  water  and  sulphuretted  hydrogen 
passed  through,  the  heat  of  solution  of  the  hydriodic  acid  supplies 
the  necessary  energy  to  enable  the  action  to  proceed.  When, 
however,  the  solution  reaches  a  sp.  gr.  of  1.56  the  action  ceases, 
because,  as  Naumann  has  shown,  the  heat  produced  by  the  solution 
of  the  product  is  insufficient  to  carry  on  the  process  beyond  this 
degree  of  concentration. 

(4.)  Hydriodic  acid  is  most  readily  prepared  by  the  action  of 
phosphorus  upon  iodine  in  the  presence  of  water — 

P  +  5I+4H20  =  HsP04  +  6HI. 

The  red  phosphorus  and  iodine  for  this  reaction  may  be  placed 
in  a  dry  flask,  and  water  gradually  dropped  upon  the  mixture,  when 
hydriodic  acid  is  rapidly  evolved.  The  gas  is  allowed  to  pass 
through  a  U-tube  containing  red  phosphorus,  in  order  to  arrest  any 
iodine  vapour  which  may  accompany  it.  Hydriodic  acid  may  be 
collected  over  mercury  or  by  displacement,  as  shown  in  Fig.  107. 

Properties. — Hydriodic  acid  is  a  colourless,  pungent-smelling 
gas,  which  fumes  strongly  on  coming  into  the  air.  The  gas  is 
readily  decomposed  by  heat  into  hydrogen  and  iodine.  Thus,  if  a 
heated  wire  be  thrust  into  the  gas,  or  if  a  spiral  of  platinum  wire 
be  heated  in  the  gas  by  means  of  an  electric  current,  the  violet 
vapour  of  iodine  at  once  makes  its  appearance. 

When  mixed  with  chlorine,  hydriodic  acid  is  at  once  decomposed, 
with  the  liberation  of  iodine,  thus — 

2HI  +  Clj  =  2HCl  +  l2. 

Hydriodic  acid  is  one  of  the  most  readily  liquefied  gases  ;  at  0% 
and  under  a  pressure  of  four  atmospheres,  it  condenses  to  a  colour- 
less liquid. 

The  gas  is  extremely  soluble  in  water.  An  aqueous  solution  of 
it  is  readily  produced  by  allowing  the  gas,  obtained  by  the  method 
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of  preparation  above  described,  to  pass  into  water.  In  order  to 
prevent  the  water  from  being  drawn  back  into  the  generating  flask, 
it  is  convenient  to  pass  the  gas  through  a  retort  arranged  in  the 
position  seen  in  Fig.  108.  Should  there  be 
any  back  rush  of  water,  owing  to  the  inter- 
mission of  the  evolution  of  gas  in  the  ap- 
paratus, the  liquid  in  the  beaker  will  be 
drawn  up  into  the  retort  and  there  lodge, 
leaving  the  end  of  the  neck  open  to  the 
air. 

A  saturated  aqueous  solution  of  hydri- 
odic  acid  at  o"*  has  a  specific  gravity 
of  2.  At  the  ordinary  pressure  the 
strongest  acid  that  can  be  obtained  by 
distillation  has  a  specific  gravity  of  1.67, 
and  contains  57.7  per  cent,  of  hydriodic 
acid.  This  solution  boils  at  127°.  As 
in  the  case  of  the  corresponding  bromine  F'^-  «>8. 

and  chlorine  compounds,  the  particular 

strength  of  acid  which  has  a  constant  boiling-point  is  a  function 
of  the  pressure. 

Aqueous  hydriodic  acid,  when  freshly  prepared,  is  colourless,  but 
it  rapidly  turns  brown,  owing  to  the  oxidation  of  the  compound 
and  the  solution  of  the  liberated  iodine  in  the  acid— 

4HI  +  Oj=2HjO-»-2Ig. 

OXIDE  AND  OXYACIDS  OF  IODINE. 

One  compound  of  iodine  with  oxygen  is  known,  and  three  oxy- 
acids,  viz.  : — 

Iodine  pentoxide ....  I^O^. 

Iodic  acid HIO3 

Periodic  acid       .        .        .        .  HIO4. 

Hypoiodous  acid         .        .        .  HIO. 


IODINE  PENTOXIDE  ( /odu  Anhydride). 
Formula,  I9O5. 

Mode  of  Formation.— When  iodic  acid  is  heated  to  170**,  it 
loses  water  and  is  converted  into  the  pentoxide — 

2HI03=H,0-fl20ft. 
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Properties. — Iodine  pentoxide  is  a  white  crystalline  solid  body. 
It  is  soluble  in  water,  combining  with  a  molecule  of  the  water  to 
form  iodic  acid.  Iodine  pentoxide  is  more  stable  than  any  of  the 
oxides  of  the  other  halogens,  but,  when  heated  to  a  temperature  of 
300°,  it  decomposes  into  its  elements. 


IODIC   ACID. 

•  Formula,  HIO3. 

Modes  of  Formation. — (i.)  Iodic  acid  can  be  prepared  by 
adding  to  a  solution  of  barium  iodate  the  requisite  amount  of 
sulphuric  acid  demanded  by  the  equation — 

Ba(I03).  +  H2S04  =  BaS04  +  2HI03. 

The  aqueous  solution  of  iodic  acid  is  decanted  from  the  preci- 
pitated barium  sulphate,  and  may  be  concentrated  at  100'  without 
being  decomposed 

(2.)  When  chlorine  is  passed  through  water  in  which  powdered 
iodine  is  suspended,  a  njixture  of  iodic  acid  and  hydrochloric  acid 
is  produced — 

3H5JO  +  I+5CU5HCI  +  HIO3. 

The  hydrochloric  acid  may  be  removed  by  the  addition  of  preci- 
pitated silver  oxide  to  the  solution,  and  separating  the  precipitated 
silver  chloride  by  filtration. 

(3.)  Iodic  acid  is  most  conveniently  prepared  by  heating  iodine 
with  nitric  acid,  whereby  the  iodine  is  oxidised  and  a  mixture  of 
oxides  of  nitrogen  is  evolved  as  dense  red  vapours — 

3HN03+I  =  HI03+H20  +  NO  +  2NO,. 

Properties. — Iodic  acid  is  a  white  crystalline  solid,  soluble  in 
water.  The  aqueous  solution  shows  an  acid  reaction  with  litmus, 
but  the  colour  is  ultimately  discharged  by  the  bleaching  action  of 
the  compound.  Iodic  acid  does  not  form  any  blue  colour  with 
starch  ;  being,  however,  an  oxidising  substance,  it  readily  gives  up 
oxygen  to  such  reducing  agents  as  sulphur  dioxide,  sulphuretted 
hydrogen,  or  hydriodic  acid,  with  the  liberation  of  iodine,  thus — 

2HI034-4H.,0  +  5SO,  =  5H2S04-f  I.. 
2H103  +  5HoS  =  5S-l-6H.,0-l-l2. 
HI034-5HI=3H.,0  +  31i. 
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If,  tlierefore,  a  small  quantity  of  sulphurous  acid  l)e  added  to  a 
dilute  solution  of  iodic  acid,  previously  mixed  with  starch,  the  blue 
iodide  of  starch  will  be  formed.  This  reaction  affords  an  excellent 
illustration  of  the  time  required  for  certain  chemical  changes  to  go 
forward.  It  is  readily  possible  to  obtain  an  interval  of  30  to  60 
seconds  between  the  addition  of  the  sulphurous  acid  and  appear- 
ance of  any  visible  result,  when  at  the  expiration  of  that  time  the 
whole  mass  of  the  liquid  suddenly  turns  Jilue.* 

lodates. — When  iodine  is  dissolved  in  potassium  hydroxide,  a 
mixture  of  potassium  iodide  and  iodate  is  produced  by  an  analogous 
reaction  to  that  which  takes  place  with  either  bromine  or  chlorine^ 

6KHO+31^=5KI  +  KI03  +  3H.p. 

With  the  exception  of  the  iodates  of  the  alkali  metals,  the  iodates 
are  for  the  most  part  insoluble  in  water.  On  being  heated  they 
behave  in  a  similar  manner  to  the  bromates,  some  being  decom- 
posed into  an  iodide  and  oxygen,  while  others  leave  a  metallic 
oxide  and  evolve  iodine  as  well  as  oxygen.  The  alkaline  iodates 
are  capable  of  uniting  with  iodic  acid,  forming  salts  which  are 
termed  acid  and  di-acid  iodates,  thus — 

Normal  potassium  iodate    .  .     KIO3. 

Acid  potassium  iodate         .  KIOjyHIOy. 

Di-acid  potassium  iodate     .        .        .     KI08,2HI03. 


PERIODIC  ACID. 

Formula,  HI04,2H,0  or  HjIOe- 

Modes  of  FoPmatlOll, — (i.)  The  compound  represented  by  the 
formula  HIO4  has  never  been  obtained  ;  when  aqueous  solutions 
of  periodic  acid  are  evaporated,  the  compound  which  crystallises 
out  has  the  composition  HI04,2HjO,  or  H5IO1,. 

It  may  be  obtained  by  boiling  silver  periodate  with  water,  when 
an  insoluble  basic  silver  salt  is  produced — 

2AgI04+4H20=AgjH3lOe+HI04,2H20. 

I'he  silver  i^eriodate  is  prepared  by  passing  chlorine  into  an  aqueous  solu- 


•  See  Experiment  246,  '•  Chemical  Lecture  Experiments,"  new  ed. 
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tion  of  sodium  iodate  and  sodium  hydroxide,  when  the  sparingly  soluble 
disodium  periodate  separates  out — 

NalO, + 3NaHO + Cla=2Naa + NaaH,IOj. 

This  sodium  salt  is  then  dissolved  in  nitric  acid  and  silver  nitrate  added, 
whereby  AgI04  is  formed,  which  crystallises  out  on  concentration — 

f  2Na,H,IO« + 2H  NO,  =  2NaNOs + 4H2O + 2NaI04. 
\      2NaI04+2AgNO,=2NaN08+2AgI04. 

(2.)  Periodic  acid  is  also  formed  by  the  addition  of  iodine  to 
an  aqueous  solution  of  perchloric  acid — 

2Ha04+2H,0  +  l8=Cl2+2HI04,2H,0. 

Properties. — The  acid  having  the  composition  HI04,2H2O 
is  a  colourless,  crystalline,  deliquescent  substance.  It  melts  at 
133^  and  at  150**  is  decomposed  into  iodine  pentoxide,  water,  and 
oxygen — 

2H6l06=Ij06+5H20  +  Oj. 

The  acid  cannot  be  converted  into  HIO4  by  heat,  for  oxygen  is 
evolved  as  soon  as  water  begins  to  be  given  off. 

Tlie  PerlodateB  constitute  a  numerous  class  of  salts,  many  of  them  being  of 
a  highly  complex  composition.  On  the  assumption  that  iodine  is  monovalent 
in  these  compounds,  their  classification  is  somewhat  difhcult,  and  they  must  be 
represented  as  associations  of  molecules  of  salts  of  the  unknown  monobasic 
periodic  acid,  HIO4,  with  metallic  oxide  and  water  in  various  proportions — 
thus,  the  silver  periodate  in  the  foregoing  equation,  AgsHjlO^,  would  be 
expressed  by  the  formula,  2AgI04,Ag20,2HjO. 

The  classification  of  these  compounds  is  much  simplified  if  we  regard  iodine 
as  here  functioning  as  a  heptavalent  element.  On  this  assumption  the  perio- 
dates  may  be  considered  as  the  salts  of  various  hypothetical  acids,  which  are 
all  derived  from  the  compound  I(HO);-  (itself  hypothetical)  by  the  withdrawal 
of  varying  quantities  of  water.  Thus,  by  the  successive  removal  of  one  mole- 
cule of  water,  the  following  three  acids  would  be  formed— 

I(HO)7       -H20=IO(HO)5      .  .     HjjIOg.         (i.) 

IO(HO)3    -H20=I02(HO)3     .  .     H3IO5.         (2,) 

lOjIHOh  -HaO^IOjIHO)  .         .     HIO4.  (3.) 

From  these  three  acids  the  following  salts  may  be  regarded  as  being 
derived — 

(I.)  Na^HglOg;  Ag^HjIOe :  Ag5lOe ;  Baa(I0«)2. 
(2.)  AgalO,;  PbadOs)^. 
(3.)  KIO4  ;  AgI04. 
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By  the  abstraction  of  one  molecule  of  water  from  two  molecules  of  these 
acids,  still  more  complex  acids  would  be  derived,  thus — 

IO(HO)4 

}SHot""»^=?  orHsIA,.  (4.) 

IO(HO)4 

lO^HO), 

And  from  these  two  acids  the  following  periodatcs  may  be  regarded  as  being 
derived — 

(4.)  Zn4laOii ;  Ba4l^i. 

(5.)  Ag4l209;  Ca,!^,;  Ba^IsCV 


HTPOIODOUB  ACID  AND  H7P0I0DITE& 

When  an  aqueous  solution  of  iodine  is  added  to  cither  ammonia,  potassium, 
or  sodium  hydroxides,  lime-water  or  baryta-water,  a  colourless  solution  is 
obtained  which  p<»sesses  bleaching  properties.  The  liquid  is  a  dilute  solution 
of  the  hypoiodite  and  iodide  of  the  alkali  used.  Somewhat  stronger  solutions 
may  be  produced  by  adding  small  quantities  of  powdered  iodine  to  the 
mixture — 

2KHO  +  I,+Aq=KIO+KI  +  HiO+Aq. 

A  dilute  solution  of  the  acid  itself  is  obtained  by  shaking  mercuric  oxide 
with  iodine  and  water  (see  Hypochlorous  Add,  p.  373). 

The  solution  of  the  alkaline  hypoiodite  obtained  by  the  above  reaction  pos- 
sesses well-marked  bleaching  properties.  When  freshly  prepared  it  b  without 
action  upon  starch,  but  is  immediately  decomposed  by  even  so  feeble  an  acid 
as  carbonic  acid,  when  the  blue  starch  compound  is  at  once  formed. 

A  compound  of  iodine  with  lime,  analogous  to  bleaching  powder ^  has  been 
obtained  by  shaking  powdered  iodine  with  milk  of  lime.  The  compound  in 
the  presence  of  water  appears  to  behave  in  the  same  way  as  bleaching  powder, 
yielding  a  solution  of  calcium  hjrpoiodite  and  calcium  iodide — 

2Ca(OI)I =Ca(OI),-h  Cal» 

On  filtering  the  mixture  a  colourless  liquid  is  obtained,  which  gives  no  reaction 
with  starch,  but  which  jrields  iodine  when  treated  with  an  acid. 

Neither  the  acid  nor  any  of  its  salts  has  been  isolated,  being  known  only  in 
dilute  solution.  The  compounds  are  all  extremely  unstable,  decomposing  at 
the  ordinary  temperature  in  a  few  hours,  and  in  a  few  minutes  when  the 
solutions  are  boiled  ;  the  salts  passing  into  iodides  and  iodates — 

3KIO=2KI  +  KI08, 

while  the  acid  decomposes  first  into  hydriodic  and  iodic  acids,  which  then 
react  upon  each  other  with  elimination  of  free  iodine. 
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Compounds  op  the  Halogens  with  each  Other. 

Chlorine  unites  both  with  bromine  and  with  iodine,  and  the  two  latter 
elements  combine  with  each  other. 

(i.)  Otalorlnt  and  Ktcaaahiib,— Bromine  monochloride.  This  substance  is 
obtained  as  a  reddish-yellow  liquid,  when  chlorine  gas  is  passed  into  bromine. 
The  compound  is  believed  to  have  the  composition  BrCI. 

(3.)  OUorllM  and  lodhii&,^/odtne  monackioride,  I  CI.  When  dry  chlorine 
is  passed  over  iodine,  the  latter  rapidly  melts,  forming  a  dark  reddish-brown 
liquid,  strongly  resembling  bromine  in  appearance.  The  liquid  solidifies  to  a 
mass  of  red  prismatic  crystals,  which  melt  at  25°.  It  is  decomposed  by  water 
into  iodic  and  hydrochloric  acids,  and  iodine  is  liberated — 

6ICl+3H20=HIO,+5HCl  +  2l2. 

Iodine  trichloride,  IClj.  This  compound  is  formed  by  passing  an  excess  of 
chlorine  over  iodine,  «-  by  passing  chlorine  through  iodine  monochloride.  It 
is  also  formed  when  hydriodic  acid  is  acted  upon  by  an  excess  of  chlorine — 

HI  +  2Cl,=  HCH-ICl3. 

Iodine  trichloride  is  a  yellow  solid  substance,  crystallising  in  long  brilliant 
needle-shaped  crystals,  which  sublime  at  the  ordinary  temperature.  When 
gently  warmed  it  melts,  at  the  same  time  dissociating  into  chlcnine  and  the 
monochloride ;  on  cooling,  reunion  takes  place  with  the  reformation  of  IClj. 

(3.)  Bromine  and  Itodina. — Two  compotmds  of  these  elements  are  believed 
to  exist,  viz. .  a  crystalline  solid  and  a  deep-coloured  liquid.  Their  composition 
is  probably  expressed  by  the  formulae,  I  Br  and  IBrj. 


CHAPTER   II 
THE  ELEMENTS  OP  GROUP   VI.  {PAMILY  B,) 

Oxygen,  O     .        .     16.00      I      Selenium,  Se      .        .79.1 
Sulphur,  S      .        .     39.06      I      Tellurium,  Te    .        .  127.6 

The  relation  in  which  oxygen,  the  typical  element,  stands  to  the 
remaining  members  of  the  family  is  very  similar  to  that  between 
fluorine  and  the  other  halogens. 

All  the  elements  of  this  family  unite  with  hydrogen,  forming 
compounds  of  the  type  RH, — 

0H„     SHjj,     SeH„     TcH, ; 

but  the  hydride  of  oxygen  stands  apart  from  the  others  in  many  of 
its  attributes.  Thus  at  ordinary  temperatures  it  is  a  colourless  and 
odourless  liquid,  while  the  remaining  compounds  are  all  foetid- 
smelling  and  poisonous  gases. 

Sulphur,  selenium,  and  tellurium  each  combines  with  oxygen, 
forming  respectively  SOs,  SeOj,  and  TeOj,  while  none  of  these 
elements  in  a  divalent  capacity  forms  a  similar  compound  ;  that  is 
to  say,  no  such  combinations  are  known  as  OS3,  or  OSej,  although 
amongst  themselves  they  unite,  forming  SeSj  and  TeS2. 

Sulphur,  selenium,  and  tellurium  also  unit^with  oxygen,  forming 
dioxides,  SO^,  SeO,,  and  TeO,,  in  which  these  elements  are  pos- 
sibly tetravalent,  in  which  case  the  constitution  of  the  compounds 
will  be  represented  thus,  O  =  S  =  O  ;  O  =  Se*=  O. 

We  may,  however,  consider  them  as  functioning  in  a  divalent 

capacity,  and  regard  the  oxides  as  constituted  thus,  S\    j  ;  Se<^    |  , 

^O  O 

in  which  case  we  may  look  upon  ozone  as  being  the  corresponding 

oxygen  compound,  OOo,  0\    I  .  j 

\0  \ 

397  , 
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All  the  *\KvnKti\s  of  thi^  fomity  combine  with  chlorine,  producing 
comprirind^  having  the  following  composition  : — 

^>«3r(«n.  Solpfear.  5>elcoi 

OjCl 
OCI, 


SjCI, 

SejClj 

— 

set 

— 

TcCU 

.SC14 

dex^if 

TcCU 

Oxygen  again  differs  from  the  other  members  by  alone  forming 
a  compound  of  the  type,  R3CI.  This  element  also  shows  no  ten- 
dency to  function  with  a  higher  atomicity  than  that  of  a  divalent ; 
while  the  others  unite  with  four  atoms  of  the  halogen,  thereb)* 
exhibiting  their  tetravalent  nature. 

The  members  oi  this  family  pass  by  a  regular  gradation  from 
the  strongly  electro-negative,  gaseous,  non-metal  ox)'gen  to  the 
feebly  negative  and  slightly  basic  element  tellurium,  which  possesses 
many  of  the  properties  of  a  true  metal.  Selenium  and  tellurium 
are  Vxith  elements  which  lie  very  close  to  that  ill-defined  boundary 
lietween  the  metals  and  non-metals,  and  are  on  this  account  some- 
times tenned  metalloids.  In  tellurous  oxide,  TeOa,  we  have  a 
compound  which  is  both  an  acid-forming  and  a  salt-forming  oxide, 
its  acidic  and  basic  properties  being  nearly  equally  balanced.  Thus, 
it  replaces  hydrogen  in  sulphuric  acid,  forming  tellurium  sulphate, 
Te(.S04)a  ;  and  it  also  unites  with  water,  fonning  tellurous  acid, 
MaTeO»,  corresponding  to  sulphurous  acid,  HjSOj. 

f  )f  the  four  elements  of  this  family,  oxygen  is  by  far  the  most 
abundant,  both  in  combination  and  in  the  free  state  ;  sulphur  is 
more  plentiful  than  the  other  two,  and  tellurium  occurs  in  the 
Hmallcst  qmmtity. 

The  elein(*nt  oxygen  has  already  been  treated  in  Part  II. 


SIJLPHUB. 

SymlK)!,  S.     Atomic  \vtiight  =  32.06.     Molecular  weight -64:12. 

Occurrence.— In  the  free  state  this  element  occurs  chiefly  in 
volcanic  districts.  In  Italy  and  Sicily  large  quantities  of  native 
sulphur  arc  found,  which  have  long  been  the  most  important 
Kuropcan  sources  of  this  substance.  Large  deposits  are  to  be  met 
with  in  Transylvania  and  in  Iceland,  and  it  also  occurs  in  beds. 
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often  of  great  thickness,  in  parts  of  China,  India,  California,  and 
the  Yellowstone  district  of  the  Rocky  Mountains.  These  natural 
deposits  are  sometimes  found  stratified  with  beds  of  clay  or  rock, 
but  they  often  occur  as  what  are  known  as  ^*  living  "  beds,  in  which 
the  sulphur  is  continuously  being  formed  as  the  result  of  chemical 
decompositions  which  are  at  present  at  work.  Such  a  **  living  " 
sulphur  bed  is  known  as  a  solfaiara^  and,  as  in  the  case  of  the 
Iceland  deposits,  they  are  usually  found  associated  with  geysers, 
fumaroles,  and  other  signs  of  volcanic  action. 

In  combination  with  hydrogen,  sulphur  occurs  as  sulphuretted 
hydrogen.  Enormous  quantities  of  sulphur  are  found  combined 
with  various  metals,  constituting  the  important  class  of  substances 
known  as  sulphides  ;  as,  for  example,  galenuy  or  lead  sulphide, 
PbS  ;  zinc  blende^  or  zinc  sulphide,  ZnS  ;  pyrites^  or  iron  sulphide, 
FeSa  ;  copper  Pyrites^  or  copper  iron  sulphide,  Cu9FeaS4 ;  stibnite^ 
or  antimony  sulphide,  SbaSs  ;  ctnnaboTy  or  mercury  sulphide,  HgS. 

In  combination  with  metals  and  oxygen,  sulphur  occurs  in 
sulphates,  such  as  gypsum^  CaS04,2HaO ;  heavy  spar^  BaS04  J 
kieseritey  MgS04,HaO. 

Modes  of  Formation.— ( I.)  Sulphur  is  formed  when  sulphu- 
retted hydrogen  is  brought  in  contact  with  sulphur  dioxide  ;  the 
two  gases  mutually  decompose  one  another  with  the  formation  of 
water  and  the  precipitation  of  sulphur — 

2H9S  +  SOa=2H,0  +  3S. 

(2.)  It  is  also  produced  when  sulphuretted  hydrogen  is  burnt 
with  an  insufficient  supply  of  air — 

HaS  +  0  =  H90  +  S. 

This  reaction  probably  takes  place  in  two  stages,  a  portion 

of  the  sulphuretted  hydrogen  burning  to  sulphur  dioxide,  and  this 

then  reacting  upon  a  further  quantity'of  sulphuretted  hydrogen, 

thus — 

{a)  HaS  +  30  =  HaO  +  SOa. 

{b)  2HaS  +  SOa=-2H20  +  3S. 

It  is  supposed  that  some  of  the  free  sulphur  found  in  volcanic 
regions  has  been  produced  by  this  action  of  these  two  gases  upon 
one  another. 

Extraction  of  Sulphur  ft'om  Native  Sulphur.— Natural 
sulphur  is  always  more  or  less  mixed  with  earthy  or  mineral 


400  Inorganic  Clumistry 

matters,  from  which  it  is  necessary  to  free  it.  This  is  usually 
effected  by  melting  the  sulphur  and  allowing  it  to  flow  away  from' 
the  accompanying  impurities.  The  crude  sulphur  rock  is  stacked 
in  brick  kilns  having  a  sloping  floor,  and  the  mass  ignited  by 
introducing  through  openings  in  the  heap  burning  faggots  of 
brushwood.  The  heat  produced  by  the  combustion  of  a  part  of  the 
sulphur  causes  the  remainder  to  melt  and  collect  upon  the  sloping 
floor  of  the  kiln,  from  which  it  can  be  drawn  off"  into  rough  moulds. 
The  loss  of  sulphur  by  this  method  is  very  considerable,  usually 
not  more  than  two-thirds  of  the  total  amount  contained  in  the  rock 
being  obtained. 

(3.)  Sulphur  may  be  obtained  by  heating  certain  metallic  sul- 
phides ;  thus  when  iron  pyrites  is  heated  it  yields  one-third  of  its 
sulphur — 

If  the  pyrites  be  roasted  in  kilns,  the  whole  of  the  sulphur  is 
obtained,  partly  as  free  sulphur  and  partly  as  sulphur  dioxide, 
thus — 

3FeS2  -f-  50i5  -=  Fe304  +  3SO2  +  ^S. 

This  method  was  at  one  time  rather  extensively  employed  for 
the  preparation  of  sulphur  on  a  manufacturing  scale,  but  has  now 
practically  gone  out  of  use,  the  pyrites  being  usually  roasted  with 
excess  of  air,  whereby  the  whole  of  the  sulphur  is  converted  into 
sulphur  dioxide  for  use  in  the  manufacture  of  sulphuric  acid. 

By  a  similar  process,  sulphur  is  obtained  as  a  bye-product  during 
the  roasting  of  copper  pyrites  in  the  first  stage  of  the  operation  of 
copper-smelting. 

(4.)  Large  quantities  of  sulphur  are  now  extracted  from  the  vai- 
waste  or  alkali-wdste^  obtained  in  the  manufacture  of  sodium 
carbonate  by  the  Leblanc  process.  This  material  consists  largely 
of  an  insoluble  oxy-sulphideof  lime,  a  compound  containing  calcium 
sulphide  (CaS)  and  calcium  oxide  (CaO)  in  var>'ing  proportions. 
Either  in  the  lixiviating  tanks  themselves,  or  in  special  vats,  a 
current  of  air  is  blown  through  the  compound,  whereby  the  calcium 
sulphide  it  contains  is  ultimately  converted  into  a  mixture  of  calcium 
hydrosulphide  (CaH^S.^),  thiosulphate  (CaS20.<\  and  polysulphide 
(CaS^i),  according  to  the  following  equations — 

((.)  2CaS-h2H.p  =  CaHoS2-HCaH.,02. 
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This  reaction  goes  forward  in  several  stages,  in  the  course  of 
which  a  quantity  of  sulphur  is  set  free  ;  this  is  then  acted  upon  by 
the  calcium  hydroxide,  with  the  formation  of  calcium  polysulphide 
and  calcium  thiosulphate,  thus — 

(2.)  3CaHjOj  +  12S  =  2CaS5+CaS203-*-3Hj,0. 

The  materials  are  alternately  oxidised  and  lixiviated  several 
times,  and  the  liquor  is  then  treated  with  excess  of  hydrochloric 
acid  at  a  temperature  of  about  60**,  which  decomposes  the  various 
sulphur  compounds  according  to  the  following  equations— 

{a,)  CaH2Sj  +  2HCl  =  CaCli+2H2S. 

{b)  CaS64-2HCl  =  CaCl5j+H2S+"4S. 

{c.)  CaS2034-2HCl  =  CaCl^  +  SOo  +  S+H,0. 

The  best  results  are  obtained  when  the  sulphur  compounds  are 
present  in  such  proportions  that  the  SOj  evolved  by  reaction  c  is 
sufficient  to  decompose  the  whole  of  the  SH.^  produced  by  the 
other  two  reactions,  so  that  neither  gas  escapes — 

SOj  +  2HjS  =  2HaO  +  3S. 

($.)  Sulphur  is  also  obtained  from  the  spent  oxide  of  iron  which 
has  been  used  in  the  "  purifiers  "  employed  upon  gas-works.  Coal 
gas  contains  considerable  quantities  of  sulphuretted  hydrogen, 
which  are  removed  from  the  gas  by  passing  it  through  hydrated 
ferric  oxide  (FejH^O^),  which  absorbs  the  whole  of  the  sulphuretted 
hydrogen,  thus — 

FcjHeOe  +  3H  jS = 2FeS  +  S + eHjO. 

When  the  compound  has  lost  its  power  to  absorb  sulphuretted 
hydrogen,  the  material  is  thrown  out  of  the  purifiers  and  exposed 
to  air  and  moisture,  when  the  iron  becomes  reconverted  into  the 
hydrated  oxide,  and  the  sulphur  is  set  free  — 

2FeS  +  30  +  3H20  =  Fe2He08  +  2S. 

This  revivified  material  is  then  employed  for  the  purification  of 
a  further  quantity  of  gas.  It  is  found  that  after  a  certain  number 
of  revivifying  operations  the  substance  begins  to  lose  its  power  of 
absorbing  any  additional  sulphuretted  hydrogen,  and  as  it  then 
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contains  nearly  half  its  weight  of  sulphur,  it  becomes  a  valuaU 
source  of  ihis  element.  Tlic  sulphur  is  obtained  from  it  by  disti 
l3lion,  or  the  material  may  be  roasted  in  special  kilns,  whereby  ti 
sulphur  is  converted  into  sulphur  dioxide,  and  employed  for  t 
manulacture  of  sulphuric  acid. 

Purification. ^The  crude  sulphur  obtained  by  Oie   foregoioi 
methods  is  purified  by  distillation,  the  process  being  carried  o 
(he  arrangement  shown  in  Fig.  109.     The  sulphur  is  lirst  ini 
in  an  iron  pot  d,  and  the  liquid  substance  drawn  ofT  at  ml 


FiCit 


menns  of  the  pipe  F  into  the  retort  B.    The  sulphur  is  thci 
liiiiled  by  means  of  the  fire,  and  the  vapour  allowed  to  issue  into 
large  brickwork  chamber  G.    As  the  vapour  enters  the  chami 
condenses  upon  the  walls  and  floor  in  ihe  form  of  a  light, 
deposit,  consisting  of  minute  crystals,  and  constituting  the 
ef  sulphur  of  commerce.     As  ihe  process  continues,  and  the 

IS  hot,  this  soft  pou'der  melts  and  collects  upon 
mber- coloured  liquid,  which  is  run  out  from  ti 
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r  into  large  blocks  or 
iioulcls.     [n  the  latter 


carh 
jLben: 


time  from  the  opening  at  H,  and  cast  eiihi 
into  cylindncat  rods,  by  means  of  wooden 
fonn  it  is  Icnown  as  riili  sulphur. 

When  the  sulphur  vapour  first  enters  the  chamber  and  mixes 
with  the  air,  (he  mixture  frequently  ignites  with  a  feeble  explosion  ; 
the  chamber,  therefore,  is  furnished  with  a  valve,  S,  at  the  top, 
whereby  the  pressure  developed  nt  the  moment  of  cnnibustion  may 
be  relieved. 

Properties.— Sulphur,  as  ordinarily  seen,  is  a  pule-yei!ow  brittle 

ciystalline  solid.     It  is  insoluble  in  water,  but  readily  dissolves  in 

carbon  disulphidc,  and  to  a  greater  or  less  degree  in  lurpeniinc, 

.benienc,  chluroform,  sulphur  chloride,  and  many  other  solvents. 

non-conductor  of  electricity,  and  an  extremely  bad  con- 

:tor  of  heat.     A  piece  of  sulphur  on  being  verj'  gently  warmed, 


I  by  being  grasped  in  the  hand,  may  be  heard  to  cr.ick  by  the 
ei|ual  heating,  ami  will  ultimately  fall  to  pieces.  At  a  leiii- 
perature  of  it4.;'  sulphur  melts  to  a  clear  amber-coloured  and 
moderately  mobile  liquid;  on  raising  the  temperature  of  this 
li(|uid  its  colour  rapidly  darkens,  and  at  the  siunc  lime  it  loses  its 
mobility,  until  at  a  temperature  of  about  ijo*  the  mass  appears 
almost  black,  and  is  so  viscous  tliat  it  can  no  longer  be  poured 
from  the  vessel.  As  the  temperature  is  still  further  raised,  the 
substance,  while  retaining  Its  dark  colour,  again  becomes  liquid, 
although  it  does  not  regain  its  original  limpidity.  At  44S'  the 
liquid  boils,  and  is  converted  into  a  pale  yellowish-brown  coloun.'d 
vapour.  On  allowing  the  boiling  sulphur  to  cool,  it  passes  through 
changes  in  reverse  order  until  it  solidifies, 
the  vapour  of  sulphur  is  healed  to  1000=,  it  is  convened 


■ 
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into  a  true  ^Ai,  and  has  a  density  of  33,  one  litre  of  the  y:as  wdn| 
ing  32  criths.                                                                                      ] 

which  are  ctystaJhne  and  two  amorphous. 

(«)  Rkomiie  Suifikur.— Of  the  t»-n  crystalline  varieties  ihis   : 
the  more  liable.     Sulphur,  therefore,  that  occurs  Dative  is  fouK  . 
crystallised  in  this  foim.     It  may  be  obtained  by  allowing  a  solu- 
tion of  sulphur  in  cartxin  disulphide  to  slowly  evaporate.     Vig.  1 10 
represents   two    iarne    rhombic    octahedral    crystals   of  sulphur 
obtained  in  this  way. 

coniiitjons  when  melted  sulphur  15  aHoweil  in  crystallise.    Sulpliur 

Fi.;.  Ml. 

in   the  liquid  condition  exhibits  the  phenomenon  of  siispenilc' 
sol  id  ill  eat  ion  to  a  very  high  degree,  and  if  the  liquid  be  careful  1 
cooled  out  of  contact  with  air,  the  temperature  may  fall  to  go 
before  solidification  takes  place.     If  Into  the  litjuid  in  this  state-  a 
crystal  of  the  rhombic  variety  be  dropped,  the  sulphur  begins  to 
solidify  in  crystals  of  that  form.     If  the  superfused  sulphur  be  con- 
tained in  a  hermetically  closed  flask,  the  liquid  frequently  dcpo=!!- 
octahedral  crystals,  and  by  allowing  the  mass  lo  partially  solidii;. 
and  quickly  inverting  the  flask,  the  crystals  m.iy  be  seen  upon  il  ■ 
bottom  of  the  vessel. 

The  specific  gravity  of  this  form  of  sulphur  is  1.05. 

ifl)  " Pn'smalic'  Su/pAur. -Whtn   melted    sulphur   is    allow-e.l 

1 

1 
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to  cool  under  ordinary  conditions,  such  as  in  a  crucible  or 
beaker,  it  cr>'stalliscs  in  the  form  of  prismatic  needles,  belong- 
ing,^ to  the  monoclinic  or  monosymmctric  system.  By  allowing 
the  mass  to  partially  solidify,  and  pouring  off  the  still  liquid  por- 
tion, these  crystals  will  be  seen  lining  the  inside  of  the  beaker 
as  long  translucent  prisms.  Fig.  in  shows  such  a  mass  of 
crystals.  Prismatic  crystals  of  sulphur  are  also  obtained  when 
this  element  is  crystallised  from  a  hot  solution  in  oil  of  tur- 
pentine. 

The  specific  gravity  of  this  form  of  sulphur  is  less  than  that  of 
the  octahedral  variety,  being  1.98. 

At  ordinary  temperatures  this  modification  is  unstable,  and  in 
the  course  of  a  day  or  two  the  crystals  lose  their  translucent 
appearance,  owing  to  their  becoming  broken  down  into  a  number 
of  smaller  crystals  of  the  rhombic  variety,  and  present  the  opaque 
yellow  appearance  of  ordinary  roll  sulphur.  This  change  from 
the  prismatic  to  the  octahedral  variety,  which  takes  place  more 
quickly  when  the  crystals  are  scratched  or  subjected  to  vibration, 
is  attended  with  evolution  of  heat.  When  monoclinic  sulphur  is 
thrown  into  carbon  disulphide,  its  transformation  into  the  stable 
modification  takes  place  rapidly,  and  in  this  way,  by  means  of  a 
thermopile,  the  heat  evolved  by  the  change  may  be  rendered 
evident.  As  carbon  disulphide,  however,  at  once  exerts  its  solvent 
action  upon  the  rhombic  sulphur  the  moment  it  is  formed,  the 
reduction  of  temperature  resulting  from  this  cause  would  com- 
pletely overbalance  and  mask  the  more  feeble  heat  effect  produced 
by  the  passage  of  the  sulphur  from  the  unstable  to  the  stable  form. 
In  order,  therefore,  to  render  evident  the  heat  resulting  from  the 
change  of  crystalline  form,  the  carbon  disulphide  must  be  pre- 
viously allowed  to  dissolve  as  much  sulphur  as  it  can  take  up.  If 
a  small  quantity  of  carbon  disulphide,  so  saturated  with  sulphur, 
be  placed  in  a  corked  flask,  and  stood  upon  the  face  of  a  thermo- 
electric pile  *  in  connection  with  a  galvanometer,  and  a  quantity 
of  prismatic  crystals  of  sulphur  be  quickly  thrown  into  the  liquid, 
a  sensible  deflection  of  the  galvanometer  needle  will  be  seen  in  the 
direction  caused  by  heat. 

Although  under  ordinary  conditions  monoclinic  sulphur  is  un- 
stable and  passes  into  the  rhombic  form,  at  temperatures  between 

*  The  thermo-electric  pile  is  a  delicate  physical  instrument  employed  for 
registering  slight  changes  of  temperature ;  for  descriptions  of  the  apparatus 
the  student  must  consult  text-books  on  physics. 
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iiw'  and  1 14'  it  appears  lo  be  the  more  stable  variely,  for  at  this 
lemperaturc  rhombic  sulphur  passes  into  the  nionoclinic  variety. 
,  (y)  I'laitie  Sulphur. — When  sulphur  which  has  been  heated 
until  it  reaches  the  viscous  condiiion  is  suddeni/  plunged  into 
walcr,  or  when  boilint;  sulphur  is  poured  in  a  thin  stream  into 
water,  the  substance  solidifies  to  a  lough  elastic  material  some- 
what resembling  indiarubber  The  sulphur  in  this  form  is  known 
as  plastic  lulphur.  This  variely  is  best  obtained  by  distilling  a 
quantity  of  ordinary  sulphur  from  a  glass  retort  (Fig.  112),  and 
allowing  the  distilled  liquid  to  flow  in  a  fine  stream  into  cold 
water  placed  for  its  reception.  As  the  liquid  sulphur  falls  into 
the  water,  it  congeals  to  the  plastic  condition  as  a  continuous 
thread,  which  winds  itself  in 
a  regular  manner  into  beauti- 
ful coils  of  a  delicate  trans- 
lucent amber  colour.  The 
specific  gravity  of  plastic  sul- 
phur is  1.95,  and  it  is  not 
soluble  in  carbon  disulphide. 
At  ordinary  temperatures  this 
allotrope  of  sulphur  is  gra- 
dually transformed  into  the 
stable  rhombic  variety  ;  in 
the  course  of  a  few  days  it 
Ktu.  iia.  loses    its    transparency    and 

elasticity,  and  becomes  con- 
vertetl  into  the  ordiniiry  lemon-yellow  brittle  condition  of  common 
sulphur.  'I'his  change  t.-ikes  place  more  quickly  if  the  plastic 
material  l>e  stretched  and  worked  between  the  fingers,  and  still 
n)orc  readily  by  heating  it  for  a  few  moments  to  100°,  and  allowing 
it  again  to  cool. 

(<t>  ll'Mite  Amnrphout  Sulphur.~VJY\en  sulphur  is  heated,  and 
the  vapour  condensed  upon  a  cool  surface,  as  in  the  formation  of 
ordinarj-  flowers  of  sulphur,  although  the  greater  portion  of  the 
sulphur  is  sublimed  in  the  rhombic  oct.-ihedral  form,  the  sublimate 
contains  a  small  amount  of  sulphur  in  the  form  of  an  amorphous 
powder,  which  is  almost  milk-white  in  colour. 

This  modificatian  is  best  obtained  by  treating  flowers  of  sulphur, 
which  usually  contains  as  much  as  5  or  6  per  cent,  of  amorphous 
Kulphur.  with  carbon  disulphide,  whereby  the  rhombic  variety  is 
'  Uw  white  amorphous  substance,  which  is  insoluble 
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in  that  liquid,  is  left  behind.  By  filtering  the  liquid  and  washing 
the  residue  with  carbon  disulphide  until  the  whole  of  the  soluble 
sulphur  is  removed,  the  amorphous  powder  may  be  obtained  in  a 
state  of  purity. 

This  amorphous  substance  is  also  produced  in  small  quantity,  by 
the  action  of  light  upon  a  solution  of  sulphur  in  carbon  disulphide. 
Thus,  if  a  perfectly  clear  solution  of  sulphur  in  this  liquid  be  placed 
for  even  a  few  minutes  in  the  path  of  a  beam  of  electric  light,  the 
solution  will  be  seen  to  become  rapidly  turbid,  owing  to  the  forma- 
tion of  this  insoluble  modification. 

This  milk-white  amorphous  modification  is  stable  at  the  ordinary 
temperature,  and  therefore  does  not  pkss  spontaneously  into  the 
rhombic  variety.  When  heated  to  a  temperature  of  100**,  it  quickly 
becomes  yellow  in  colour,  and  is  then  readily  soluble  in  carbon 
disulphide,  having  been  transformed  at  that  temperature  into  the 
ordinary  stable  form. 

Milk  of  Sulphur. — This  substance  is  a  medicinal  preparation, 
obtained  by  precipitating  sulphur  from  a  polysulphide  of  lime  by 
means  of  hydrochloric  acid.  Flowers  of  sulphur  and  milk  of  lime 
are  boiled  together  for  some  time,  and  after  settling  the  clear 
reddish  liquid  containing  the  calcium  polysulphides  is  decanted  off, 
and  hydrochloric  acid  added  to  it ;  calcium  chloride  is  formed, 
and  sulphur  in  a  fine  state  of  subdivision  is  precipitated — 

CaS:r+2HCI=CaCl2+H2S+(^-l)S. 

The  product  so  obtained  is  pale  yellow  in  colour,  and  consists  of 
ordinary  sulphur  often  contaminated  with  considerable  quantities 
of  calcium  sulphate,  derived  from  sulphuric  acid  present  in  the 
hydrochloric  acid  employed  in  the  precipitation. 

When  sulphur  in  any  of  its  modifications  is  heated  in  the  air,  it 
takes  fire  and  bums  with  a  pale  blue  flame,  giving  rise  to  sulphur 
dioxide  ;  when  burnt  in  oxygen  a  small  quantity  of  sulphur  tri- 
oxide  is  at  the  same  time  produced. 

Finely  divided  sulphur,  when  exposed  to  air  and  moisture,  under- 
goes slow  oxidation  even  at  ordinary  temperatures,  with  the  forma- 
tion of  sulphuric  acid.  Thus,  if  flowers  of  sulphur  be  moistened 
with  water  and  freely  exposed  to  the  air,  in  a  short  time  the  water 
will  be  distinctly  acid.  On  this  account  sulphur  that  is  used  for 
pyrotechnic  purposes  is  thoroughly  washed  and  dried,  and  pre- 
served in  warm  dry  places. 
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Sulphur  combines  directly  with  many  metals  under  the  influence 
of  heat,  forming  sulphides,  the  union  in  many  cases  being  accom- 
panied by  vivid  combustion.  Thus,  a  strip  of  copper,  when  intro- 
duced into  sulphur  vapour,  burns  brilliantly  with  the  formation  of 
copper  sulphide,  and  a  red-hot  bar  of  iron,  when  pressed  against 
a  roll  of  sulphur,  bums  in  the  vapour  which  is  generated,  and  the 
molten  sulphide  falls  in  scintillating  masses  through  the  air — 

Fe  +  S  =  FeS. 

Heated  with  sodium  or  potassium,  the  alkaline  sulphides  are 
formed  with  deflagration — 


COMPOUNDS  OF  SULPHUR  WITH  HYDROGEN. 

Two  compounds  of  these  elements  are  known,  namely — 

Hydrogen  sulphide  or  sulphuretted  hydrogen  HaS. 

Hydrogen  persulphide H2S9. 

HYDBOQEN  SULPHIDE. 

Formula,  HjS.     Molecular  weight  =  34.08.     Density  =  17.04. 

Occurrence. — This  gas  is  evolved  in  volcanic  regions,  and  is 
met  with  in  solution  in  sulphur  mineral  waters. 

Modes  of  Formation. — (i.)  Sulphuretted  hydrogen  may  be 
formed  by  the  direct  union  of  its  elements,  by  passing  a  mixture  of 
hydrogen  and  the  vapour  of  sulphur  through  a  strongly  heated 
tube.  In  small  quantity  it  is  produced  when  hydrogen  is  passed 
into  boiling  sulphur,  or  over  certain  heated  metallic  sulphides. 

(2.)  Sulphuretted  hydrogen  is  most  readily  obtained  by  the 
action  of  either  hydrochloric  or  sulphuric  acid  upon  ferrous  sul- 
phide, thus — 

FeS  +  ^HCl^FeClo+HoS. 
FcS  +  H0SO4  =  FeSO^  +  HoS. 

The  ferrous  sulphide  in  broken  fragments  is  placed  in  a  two- 
necked  bottle,  similar  to  the  apparatus  (Fig.  29)  employed  for 
the  preparation  of  hydrogen,  and  the  dilute  acid  poured  upon  it. 
The  gas  is  rapidly  evolved  without  the  application  of  heat.  The 
gas  obtained  by  this  method  akvays  contains  free  hydrogen, 
owing  to  the  presence  of  uncombined  iron  in  the  ferrous  sulphide. 
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(3.)  Pure  sulphuretted  hydrogen  may  be  obtained  by  heating 
antimony  trisulphide  (grey  antimony  ore)  with  strong  hydrochloric 
acid,  when  antimony  trichloride  is  produced  and  hydrogen  sulphide 
evolved — 

Sb2S3+6HCl  =  2SbCl3  +  3HaS. 

(4.)  Sulphuretted  hydrogen  is  produced  during  the  putrefaction 
of  organic  substances  containing  sulphur,  the  offensive  smell  of  a 
decomposing  ^%%  being  due  to  the  presence  of  this  gas.  It  is  also 
produced  during  the  destructive  distillation  of  coal,  by  the  direct 
union  of  hydrogen  with  the  sulphur  contained  in  the  pyrites,  hence 
coal  gas  always  contains  sulphuretted  hydrogen  amongst  its  im- 
purities. 

Properties. — Sulphuretted  hydrogen  is  a  colourless  gas,  having  a 
somewhat  sickly  sweetish  taste  and  an  extremely  offensive  odour. 
It  acts  as  a  powerful  poison  when  inhaled  in  the  pure  state,  and 
even  when  very  largely  diluted  with  air  it  gives  rise  to  dizziness 
and  headache.  Its  poisonous  effects  are  more  marked  upon  some 
animals  than  others  :  thus,  a  bird  was  found  to  die  in  an  atmosphere 
containing  only  j^^y^  of  sulphuretted  hydrogen,  while  it  required  an 
amount  equal  to  jj^  to  poison  a  hare  ;  and  again,  cold-blooded 
animals  are  in  no  way  affected  by  inhaling  these  proportions  of 
the  gas.  Sulphuretted  hydrogen  is  moderately  soluble  in  water ; 
at  ordinary  temperatures  water  dissolves  about  three  times  its  own 
volume  of  the  gas.  In  collecting  it  over  water,  therefore,  consider- 
able loss  results  unless  the  water  be  warm.  The  coefficient  of 
absorption  by  water  at  o'  is  4.3706. 

The  aqueous  solution  gives  an  acid  reaction  with  litmus,  and 
possesses  the  taste  and  smell  of  the  gas.  It  quickly  decomposes 
on  exposure  to  air,  the  hydrogen  of  the  sulphuretted  hydrogen 
combines  with  oxygen,  and  the  liquid  becomes  turbid  by  the  preci- 
pitation of  sulphur.  Hydrogen  sulphide  is  .an  inflammable  gas, 
])urning  with  a  bluish  flame,  and  producing  sulphur  dioxide  and 

water— 

2H2S-*-302=2SOa+2H5jO. 

If  mixed  with  oxygen  in  the  proportion  demanded  by  this  equa- 
tion, viz,,  two  volumes  of  sulphuretted  hydrogen  and  three  volumes 
of  oxygen,  and  ignited,  the  mixture  explodes  with  violence.  When 
the  gas  is  burned  with  an  insuflficient  supply  of  air  or  oxygen  for 
its  complete  combustion,  the  sulphur  is  deposited. 

Sulphuretted  hydrogen  is  decomposed  by  the  halogens,  with  the 
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deposition  of  sulphur,  and  the  formation  of  the  hydrogen  compound 
of  the  halogen  element  thus — 

Fluorine,  chlorine,  and  bromine  are  capable  of  bringing  about 
this  decomposition  at  ordinary  temperatures  ;  in  the  case  of  iodine, 
the  reaction  is  attended  with  absorption  of  heat,  which  may  be 
supplied  bypassing  the  mixture  of  iodine  vapour  and  sulphuretted 
hydrogen  through  a  hot  tube,  or  by  causing  the  action  to  take 
place  in  the  presence  of  water.  In  the  latter  case  the  heat  of  solu- 
tion of  the  hydriodic  acid  determines  the  reaction. 

When  passed  into  sulphuric  acid,  reduction  of  the  acid  takes 
place  with  the  precipitation  of  sulphur — 

HjS04+H2S  =  S02  +  2H20  +  S. 

Sulphuretted  hydrogen,  therefore,  cannot  be  dried  by  means  of 
sulphuric  acid. 

The  gas  acts  upon  many  metals  with  the  formation  of  sulphides  ; 
thus,  when  potassium  is  heated  in  a  stream  of  hydrogen  sulphide, 
it  readily  burns  and  produces  potassium  hydrosulphide — 

H2S  +  K  =  KHS  +  H. 

Such  metals  as  tin,  lead,  silver,  &c.,  are  rapidly  tarnished  in 
contact  with  this  gas.  On  this  account  articles  of  silver,  when 
exposed  to  the  air  of  towns,  quickly  become  covered  with  a  film 
of  sulphide,  which  first  appears  yellowish-brown,  and  gradually 
becomes  black.  The  discoloration  of  a  silver  spoon,  when  intro- 
duced into  an  ^'g  which  is  partially  decomposed,  is  due  to  the 
same  cause. 

Sulphuretted  hydrqgen  also  acts  upon  metallic  salts,  combining 
with  the  metal  to  form  a  sulphide.  The  "  white-lead "  employed 
in  ordinary  paint  is  gradually  blackened  on  prolonged  exposure 
to  the  air  by  the  formation  of  lead  sulphide. 

Hydrogen  sulphide  is  rapidly  absorbed  by  lime,  with  the  forma- 
tion of  calcium  hydrosulphide — 

CaH20.  +  2H2S  =  CaH2Sj+2HjO. 

It  is  also  absorbed  by  calcium  sulphide,  yielding  the  same 
compound.     This  reaction  is  employed  in  the  method  known  as 
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Chance  s  process^  for  utilising  the  sulphur  of  the  vat-waste  of  the 
alkali  manufacture.  This  consists  in  passing  lime-kiln  gcises 
through  a  series  of  vessels  containing  the  waste  mixed  with  water. 
In  the  first  vessels  the  carbon  dioxide  is  absorbed,  and  sulphuretted 
hydrogen  evolved.  This,  passing  into  the  later  vessels,  is  absorbed 
by  the  vat-waste,  fonning  calcium  hydrosulphide,  which  in  its 
turn  is  decomposed  by  carbon  dioxide,  with  the  evolution  of  twice 
the  volume  of  sulphuretted  hydrogen  for  a  given  volume  of  carbon 
dioxide,  as  in  the  first  reaction — 

(1)  CaS  +  COjj+HjjOr^CaCOa+HjjS. 

(2)  CaS-l-HjjS=CaHaS2. 

(3)  CaHjSa  +  COa+H20  =  CaCo3+2H2S. 

The  sulphuretted  hydrogen,  mixed  with  atmospheric  nitrogen 
and  a  small  quantity  of  carbon  dioxide,  is  sufficiently  rich  to  bum, 
yielding  sulphur  dioxide,  which  can  then  be  employed  for  the 
manufacture  of  sulphuric  acid. 

Sulphuretted  hydrogen  is  also  decomposed  by  ferric  hydroxide, 
with  the  formation  of  ferrous  sulphide  and  water,  and  the  deposi- 
tion of  sulphur,  as  described  on  page  401.  This  action  takes 
place  with  the  evolution  of  considerable  heat,  the  temperature 
rising  high  enough  to  ignite  a  mixture  of  sulphuretted  hydrogen 
and  oxygen.* 

Sulphuretted  hydrogen  is  a  valuable  laboratory  reagent,  on 
account  of  the  general  behaviour  of  certain  classes  of  sulphides. 
Thus,  the  sulphides  of  certain  metals,  being  insoluble  in  dilute 
acids,  are  precipitated  from  acid  solutions  ;  for  example — 

CuS04+HjS  =  CuS  +  H2S04. 
CdCI,  +H,S  =  CdS+2HCl. 

Others  are  soluble  in  acids,  but  insoluble  in  alkaline  liquids,  and 
are  therefore  precipitated  by  sulphuretted  hydrogen  in  the  presence 
of  ammonia,  or  by  the  addition  of  ammonium  sulphide,  thus — 

ZnS04  +  mH4)2S  =  ZnS+(NH4)8S04. 

A  third  group  of  metals  yield  sulphides  that  are  soluble  in  water, 

and  therefore  are  not  separated  either  in  acid  or  alkaline  solutions. 

Many  of  the  metallic  sulphides  are  also  possessed  of  charac- 

Chemical  Lecture  Experiments,"  new  ed.,  Nos.  577,  578. 
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teristic  colours,  which  readily  serve  for  their  identification.  Thus 
arsenious  sulphide  is  pale  yellow,  and  cadmium  sulphide  golden 
yellow.  Antimonious  sulphide  has  a  bright  red  colour,  while  zinc 
sulphide  is  white. 

This  behaviour  of  metals  towards  sulphuretted  hydrogen  is 
the  basis  upon  which  certain  methods  of  qualitative  analysis  are 
founded. 


H7DR0OEN  PEBSULPHIDE. 

Formula,  H2S2. 

Modes  of  Formation. — (i.)  This  substance,  which  stands  in  the 
same  relation  to  hydrogen  sulphide  as  hydrogen  peroxide  does  to 
water,  may  be  obtained  by  slowly  pouring  a  solution  of  calcium 
disulphide  into  hydrochloric  acid  in  the  cold,  the  liquids  being 
rapidly  stirred  during  the  process  of  mixing,  and  the  acid  being 
kept  in  considerable  excess — 

CaSa  +  2HCl  =  CaCl^+H2S2. 

The  hydrogen  persulphide  separates  out  as  a  heavy,  pale-yellow, 
oily  compound,  which  settles  to  the  bottom  of  the  liquid.  The 
calcium  disulphide  is  prepared  by  boiling  together  one  part  of 
lime  with  about  twenty  parts  of  water  and  one  part  of  flowers  of 
sulphur.  The  yellow  liquid  that  is  obtained  will  contain  more  or 
less  of  the  higher  sulphides  of  lime,  and  in  proportion  as  these  are 
present  there  will  be  a  precipitation  of  sulphur  with  the  hydrogen 
persulphide,  thus — 

CaS6  +  2HCl  =  CaCl2+H2S2  +  3S. 

(2.)  Hydrogen  persulphide  may  also  be  obtained  from  a  com- 
pound that  is  produced  by  the  action  of  sulphuretted  hydrogen 
upon  strychnine  in  the  presence  of  oxygen — 

2C,,H2oN2O.  +  0H2S  +  3O  =  3H2O  +  2C2,H,>..NoO2,3H2S2. 

This  substance,  on  treatment  with  an  acid,  yields  the  persulphide. 

Properties. — Hydrogen  persulphide  is  an  oily  liquid  having  a 
specific  gravity  of  1.73.  It  has  a  pungent  smell,  accompanied  by 
the  odour  of  sulphuretted  hydrogen,  due  probably  to  the  partial 
decomposition  of  the  compound,  and  its  vapour  is  irritating  to  the 
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eyes.  It  is  an  unstable  substance,  decomposing  at  ordinary  tem- 
peratures into  sulphur  and  sulphuretted  hydrogen  ;  when  heated, 
this  decomposition  takes  place  rapidly.  It  readily  dissolves  sul- 
phur, and  on  this  account,  and  the  readiness  with  which  the 
compound  decomposes,  it  is  extremely  difficult  to  obtain  it  in  a 
state  of  purity,  and  so  to  determine  its  exact  composition.  It  is 
insoluble  in  water,  but  dissolves  readily  in  carbon  disulphide  and 
ether ;  its  solution  in  the  former  liquid  is  more  stable  than  the 
liquid  substance  itself. 

Hydrogen  persulphide  bums  with  a  blue  flame,  yielding  sulphur 
dioxide  and  water. 

Hydrogen  persulphide  possesses  feeble  bleaching  properties, 
and,  like  its  oxygen  analogue,  it  is  decomposed  by  certain  metallic 
oxides,  with  the  evolution  of  sulphuretted  hydrogen. 


COMPOUNDS   OF  SULPHUR    WITH   CHLORINE. 

Two  of  these  compounds  exist  at  ordinary  temperatures,  while  a 
third  is  only  known  at  temperatures  below  -  22*. 

1.  Disulphur  dichloride  or  sulphothionyl  chloride     S.,C1._». 

2.  Sulphur  dichloride SCI,. 

3.  Sulphur  tetrachloride SCI4. 

Disulphur  Dichloride,  S,C1,.— This  substance  is  obtained  by 
passing  dry  chlorine  over  the  surface  of  heated  sulphur,  contained 
in  a  retort ;  the  compound,  which  distils  away  as  fast  as  it  is 
formed,  condenses  in  the  receiver  as  a  yellow  liquid — 

S,+Cl,=S,Cly 

Properties. — The  redistilled  liquid  is  an  amber-coloured  fuming 
substance  with  a  disagreeable  penetrating  odour,  the  vapour  of 
which  irritates  the  eyes.  Its  specific  gravity  is  1.709,  and  it  boils 
at  I38.I^  In  contact  with  water  it  gradually  decomposes  into 
hydrochloric  acid  and  sulphur  dioxide,  with  the  precipitation  of 
sulphur.  The  action  takes  place  in  two  stages,  thiosulphuric  acid 
being  formed  as  an  intermediate  product,  thus — 

(a)  2S,C1,  +  3H,0=4HC1  +  S,  +  H^S,03. 
O)  HA03=H,S03+S. 
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Disulphur  dichloride  dissolves  sulphur  with  great  readiness,  and 
the  solution  so  obtained  is  largely  employed  in  the  process  cf 
vulcanising  indiarubber. 

This  compound  is  the  most  stable  of  the  three  chlorides  of 
sulphur.  From  the  fact  that  it  contains  chlorine  and  sulphur  in 
the  proportion  of  one  atom  of  each  element,  it  is  sometimes  called 
sulphur  monochloride  ;  but  as  its  vapour-density  (67.5)  shows  that 
it  contains  two  atoms  of  each  element  in  the  molecule,  the  use  of 
the  word  monochloride  is  calculated  to  mislead.  The  name  sul- 
phothionyl  chloride  indicates  its  analogy  to  thionyl  chloride,  SOG,, 
from  which  it  may  be  regarded  as  being  derived,  by  the  replace- 

ment  of  the  oxygen  by  an  atom  of  sulphur,  O  =  S^  CI '  ^  ~  ^\  n 

Snlplinr  DioUorlde,  SClj. — This  compound  is  obtainctd  by  passing  a  stream 
of  dry  chlorine  into  disulphur  dichloride  at  a  t(*mperature  not  above  o".  Him 
the  maximum  amount  of  chlorine  is  al)sorlx*d.  the  liquid  assunnes  a  dark 
reddish-brown  colour.  Kxcess  of  chlorine  is  removed  by  passing  a  stream  of 
cartx)n  dioxidr  through  th**  liquid. 

Sulphur  dichloride  rapidly  diss<x:iatcs  with  rise  of  temperature  into  frrf 
chlorine  and  disulfihur  dichloride;  at  f2o*'  this  decomposition  amounts  to 
6.5  p*»r  cent.,  at  50  ,  24.59  ikt  cent.,  and  at  100",  80.85  I^»"  cent.  On  boiling 
the  comixiund,  therefore,  chlorin*^  is  evolved,  and  the  disulphur  dichloride 
n mains  lieiiiiul. 

In  contact  with  water  it  is  dccomiioscd  in  the  same  manner  as  the  more 
stable  compound. 

Sulpliur  TetracUorlde,  SC.M(. — This  compound  only  exists  at  temperatures 
l)elovv  -2'i',  an<l  is  pnxiucod  by  saturatiiij^  sulphur  dichloride  with  chlorine  at 
that  temjXT.jiuri'.  It  dissociates  very  rapidly  as  the  tempt^rature  rises  ;  thus. 
at  7""  al)ove  tli«*  irm|)'-rature  at  which  it  is  formed,  viz.,  at  -15**,  this  decom- 
position amounts  to  58.05  p«*r  cent.  At  -2",  88.07  l^r  cent,  of  the  oomponnd 
diss<jciates,  while  at  -}  6.2'  the  pertt-ntage  ristrs  to  97.57. 

The  compound  is  decomi>o*>od  by  water  with  violence  into  sulphur  dioxide 
and  hydrochloric  acid — 

SCI4 + 2HoO = SOo  +  4  HCL 

Compounds  of  Sulpbur  with  Bromine  and  Iodine  have  been  obtained. 

corresponding  to  S.,(.'U  SjHr.j  as  a  red-coloured  liquid,  boiling  with  partial 
decomposition  at  200*  ;  and  S-Io  as  a  dark-grey  crystalline  solid,  which  niehs 
at  a  ttMuixrature  alxnU  60°. 

OXTDKS  AND   OXYACIDS   OF  SULPHUR. 
Four  oxides  of  sulphur  are  known,  namely — 

(i.)  Sulphur  sesquioxidc*  (hyposulphu reus  anhydride)  SjO.,. 

(2.)  Sulphur  dioxide  (sulphurous  anhydride)       .         .  SOj. 

(3.)  Sulphur  trioxide  (sulphuric  anhydride)        .         .  SO3. 

(4.)  Persulphuric  anhydride ^sO^ 
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These  four  oxides  give  rise  respectively  to  the  four  acids,  hypo- 
sulphurous,  sulphurous,  sulphuric,  and  persulphuric,  besides  which 
several  other  sulphur  acids  are  known — 


Hyposulphurous  acid 
Sulphurous  acid 
Sulphuric  acid  . 
Persulphuric  acid 

Thiosulphuric  acid  t 

Pyrosulphuric    acid 
sulphuric  acid) 

Besides  these  acids, 


•  •  •         IloOoV^j 

•  •  •        xloovyg 

•  .  .       HjSOf 

.     HS04* 
(Nordhausen     /  u  c  n 


HO-SO  \ 
HO-SO  S 

HO 


HO  [  SO. 
HOj  ^^s 


HO  ) 


SO, 


HO  \ 
HS  J 

HOSO,  \ 
HO-SO.^  \ 


SO^. 


O. 


there  is  a  series  known  under  the  general 
name  of  the  polythionic  acids.  They  may  be  regarded  as  being 
derived  from  dithionic  acid,  which  is  the  first  of  the  series,  by  the 
absorption  into  the  molecule  of  various  quantities  of  sulphur. 
Four  of  these  acids  are  believed  to  exist,  viz.  : — 


Dithionic    acid    (sometimes    called  \  u  S  O 
hyposulphuric  acid)    .  .  f     *  *    "^ 


Trithionic  acid  . 
Tetrathionic  acid 
Pentathionic  acid 


HjlSgOg 


H2S4O0 
H2S6O,, 


HOSOjj  ) 
HOSO2  S 
HOSO2 1  ^. 
HO-SOjj  S  ^' 

HOSO2  I  ^; 
HOSO2  S    ' 
HOSOjj 
HO-SOj 


|S:, 


BXTLPHUB  DIOXIDE. 

Formula.  SOg.     Molecular  weight =64.06.    Density =32.03. 

Occurrence. — This  compound  is  met  with  in  the  gaseous 
emanations  from  volcanoes,  and  in  solution  in  certain  volcanic 
springs.  It  is  also  present  in  the  air  of  towns,  being  derived  from 
the  combustion  of  the  sulphur  compounds  present  in  coal 

•  By  some  chemUts—    H,S,0«,      HolS}^ 

t  This  acid  is  sometimes  incorrectly  called  hyposulphurous  acid^  its  sodium 
salt  being  known  as  sodium  hyposulphite  :  the  so-called  "hypo"  of  the  photo- 
graphers. 
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Modes  of  Formation. — (i.)  Sulphur  dioxide  is  formed  when 
sulphur  bums  in  air  or  oxygen — 

S  +  02=S02. 

At  the  same  time  small  quantities  of  sulphur  trioxide  are  formed, 
which  render  the  gas  obtained  by  this  combustion  more  or  less 

foggy- 

(2.)  Sulphur  dioxide  may  also  be  obtained  by  heating  sulphur 
with  a  metallic  peroxide,  such  as  manganese  dioxide,  thus — 

Sj-f  Mn02==S0j+MnS. 

(3.)  It  is  obtained  when  such  metallic  sulphides  as  copper  pyrites 
or  iron  pyrites  are  roasted  in  a  current  of  air,  the  metal  being  con- 
verted into  oxide,  thus — 

^FeSj  +  110  =  FePa  +  4SO2. 

(4.)  The  most  convenient  laboratory  process  for  preparmg  sul- 
phur dioxide  consists  in  heating  sulphuric  acid  with  copper,  the 
final  products  of  the  reaction  being  copper  sulphate,  water,  and 
sulphur  dioxide* — 

Cu  +  2H2S04  =  CuS04+S02-f-2H20. 

The  metals  mercury  or  silver  may  be  substituted  for  copper,  but 
in  practice  the  latter  metal  is  usually  employed. 

(5.)  Sulphur  dioxide  is  also  formed  when  sulphuric  acid  is  heated 
with  sulphur,  the  oxidation  of  the  sulphur  and  the  reduction  of  the 
sulphuric  acid  going  on  simultaneously — 

S  +  2H2S04  =  2H20  +  3S02. 

(6.)  The  reduction  of  sulphuric  acid  may  be  brought  about  by 
means  of  carbon  ;  thus,  if  sulphuric  acid  beheated  with  carbon,  the 
latter  is  oxidised  to  carbon  dioxide,  and  the  acid  is  reduced  to 
sulphur  dioxide — 

C  +  2H2S04  =  2H20  +  2S02  +  C02, 

This  method  is  employed  on  a  large  scale  for  the  preparation  of 
alkaline  sulphides.  The  carbon  dioxide  which  accompanies  the 
sulphur  dioxide,  not  being  soluble  to  any  extent  in  water  containing 
sulphurous  acid,  is  not  in  any  way  detrimental. 

*  Secondary  reactions  go  on  simultaneously,  resulting  in  the  formation  of 
black  cuprous  sulphide — 

5Cu  +  4H.>S04=3(uS04+4HoO  f  CuoS. 
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(7.)  Sulphur  dioxide  is  formed  by  the  decomposition  of  a  sulphite 
by  dilute  sulphuric  acid,  thus — 

Na2S03+HjS04=Na2S04+H20  +  SOj. 

Properties.— Sulphur  dioxide  is  a  colourless  gas,  having  the 
well-known  suffocating  smell  usually  associated  with  burning 
sulphur.  The  gas  will  not  burn  in  the  air,  nor  will  it  support  the 
combustion  of  ordinary  combustibles  :  a  taper  introduced  into  the 
gas  is  instantly  extinguished.  Sulphur  dioxide  is  more  than  twice 
as  heavy  as  air,  its  specific  gravity  being  2.2 11  (air=i).  On  this 
account  it  is  readily  collected  by  displacement ;  it  cannot  be 
collected  over  water  on  account  of  its  solubility  in  that  liquid,  but 
may  be  collected  over  mercury.  The  solubility  of  sulphur  dioxide 
in  water  at  various  temperatures  is  seen  by  the  following  fibres — 

I  vol.  of  water  at  o**  dissolves  79.789  vols.  SOj. 
,»  »»        2o'         „        39.374        „ 

„  „        40"         „         18.766        „ 

The  solution  is  strongly  acid,  and  is  regarded  as  sulphurous 
acid,  the  gas  having  entered  into  chemical  union  with  the  water — 

S0a+Hj,0  =  H,S03. 

On  cooling  a  saturated  solution  of  sulphur  dioxide  to  o**,  a  solid 
cr>'stalline  hydrate  is  deposited,  having  the  composition  HjjSOj, 
8H.p.» 

When  the  solution  is  boiled  the  whole  of  the  sulphur  dioxide  is 
expelled. 

Sulphur  dioxide  is  an  easily  liquefied  gas.  At  0"*  a  pressure  of 
1.53  atmospheres  is  sufficient  to  condense  it,  while  at  ordinary 
pressures  it  may  be  liquefied  by  a  cold  of  — 10*.  Its  critical 
temperature  is  155.4". 

To  obtain  liquid  sulphur  dioxide,  the  gas,  as  evolved  from  the 
action  of  sulphuric  acid  upon  copper,  is  dried  by  being  passed 
through  a  bottle  containing  sulphuric  acid,  and  is  then  passed 
through  a  gas-condensing  tube  (Fig.  113)  immersed  in  a  freezing- 
mixture.  The  gas  at  once  condenses  in  the  bulb  of  the  apparatus 
as  a  colourless,  transparent,  mobile  liquid,  which  boils  at  —8°. 
When  the  liquid  is  cooled  to  —  76'  it  solidifies  to  a  transparent,  ice- 
like mass. 

*  Several  hydrates  of  sulphurous  acid  have  been  obtained,  H2SO3.6H2O; 
HaSOalOHaO;  H,SO„14HaO. 

2  D 
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Liquid  sulphur  dioxide  is  largely  employed  as  a  refrigerating 
ageni,  low  temperatures  being  obtained  by  its  rapid  evaporation 
under  reduced  pressure.  The  liquid  dissolves  phosphorus,  iodine, 
sulphur,  and  many  resins.  When  thrown  upon  water  a  portion  of 
the  liquid  dissolves,  and  owing  to  the  reduction  of  temperature 
caused  by  the  rapid  evaporation  of  the  remainder,  a  quantity  of 
the  water  is  frozen.  The  ice  so  produced  contains  a  large  pro- 
portion of  ihe  solid  hydrate,  HiSOpRH^O. 

Although  sulphur  dioxide  is  incapable  of  supporting  the  cont- 


bustion  of  ordinary  combustibles,  many  metals  will  take  fire  and 
burn  when  heated  in  the  gas.  Thus,  whtn  finely  divided  iron  is 
healed  in  a  stream  of  sulphur  dioxide  it  bums,  forming  sulphide 
and  oxide  of  the  metal. 

It  also  unites  with  many  metallic  peroxides,  and  often  with  so 
much  energy  as  to  give  rise  to  light  and  heat.  Thus,  when  passed 
Dvtr  peroxide  of  lead,  the  miiss  glows  spontaneously  in  the  gju, 
and  lead  sulphate  is  produced  — 

PbO.  +  SO,,=  l'bSO,. 
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i  if  sodium  peroxide  is  dusted  into  a  cylinder  nr  llie  gas,  the 
toxide  bums  with  a  brilliant  light,  yielding  sodium  sulphate^ 
Na,0,+SO,=Na,SO,. 
I  Sulphur  dioxide  is  dccompfiacd  by  ifac  influence  of  strong  lighl. 
raced  bean)  of  electric  li);ht  be  passed  through  a  vcsiicl 
lUed  with  £it$cuus  sulphur  dioxide,  the  gas  ;it  first  will  appcnr 
ectly  iranspnrcot  and  clear  ;  but  iir  the  course  of  n  few  minutes 
ihc  track  of  the  beam  will  bccunie  more  and  niun:  visible  as  it 
traverses  the  gas,  owing  to  the  foimntion  of  thin  clouds  of  sulphur 
trioxidL-  and  sulphur,  until  the  atmosphere  of  the  vessel  appears 
obc  filled  with  fog  (Fig,  114)— 

3SO,=2SO,+S. 
BAfler  the  lapse  of  a  short  time,  if  the  vessel  be  removed  from 


t  strong  light,  the  atmosphere  w 

— nng  to  the  rcfbrmntion  of  sulphur  dioxidt. 

I  Sulphur  dioxide  possesses  powerful   bleaching  properties  when 

T  the  presence  of  water.  Its  blc.irhing  action  is  due  to  ils 
BOrpiion  of  oxygen  from  water,  and  conseiiuenl  liberation  of 
rdrogcn,  thus — 

SO,  +  aH,0  =  Hj5O,+  Hr 

i  The  hydrogen  so  set  free  reduces  the  colouring. matter,  with  the 
tnation  of  colourless  compounds  :  the  action  in  (his  case  being 
se  to  that  which  takes  place  with  chlorine.  In  some 
blances,  ihe  bleaching  is  due  to  the  formation  of  a  colourless 
mpound,  by  the  direct  combination  of  sulphur  dioxide  with  the 
touring-matter,  as  the  original  colour  may  often  be  restored  by 
^tment  with  dilute  sulphuric  acid,  or  by  weak  alkaline  solutiora. 
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Thus,  by  passing  sulphur  dioxide  into  an  infusion  of  rose  leaves, 
the  red  colour  of  the  liquid  is  quickly  discharged,  but  on  the  addi- 
tion of  a  small  quantity  of  sulphuric  acid  the  colour  is  restored. 

Sulphur  dioxide  is  employed  in  bleaching  materials  that  would 
be  injured  by  exposure  to  chlorine,  such  as  straw,  silk,  wool, 
sponge,  &c.,  and  the  familiar  yellow  colour  which  gradually  comes 
over  a  sponge  or  a  piece  of  bleached  flannel  when  it  is  washed 
with  soap  is  an  illustration  of  the  power  of  alkalies  to  restore  the 
original  colour  to  materials  that  have  been  bleached  by  this 
substance. 

In  the  presence  of  water  sulphur  dioxide  converts  chlorine  into 
hydrochloric  acid,  and  on  this  account  is  employed  as  an  '*  anti- 
chlor"— 

S02  +  2H20  +  Cl8=2HCl  +  H8S04. 

In  the  same  way  it  acts  upon  iodine,  with  the  formation  of 
hydriodic  acid — 

S02  +  2H20  +  l2=2HI  +  H2S04. 

In  the  case  of  iodine,  however,  this  reaction  only  takes  place 
when  a  certain  degree  of  dilution,  is  maintained,  for  in  a  more 
concentrated  condition  sulphuric  acid  is  reduced  by  hydriodic  acid 
into  sulphur  dioxide,  according  to  the  reverse  equation,  thus — 

H2SO4  +  2H I  =  I2  +  2H2O  +  SOg. 

It  has  been  shown  *  that  aqueous  sulphurous  acid  can  only  be 
completely  oxidised  by  iodine,  as  indicated  in  the  former  equation, 
when  the  proportion  of  sulphur  dioxide  does  not  exceed  0.05  per 
cent. ;  when  the  amount  exceeds  this  proportion  the  second  reaction 
comes  into  operation. 

Sulphur  dioxide  brought  into  contact  with  iodic  acid,  or  an 
iodate,  is  oxidised  into  sulphuric  acid  and  liberates  iodine,  thus — 

2HI03+4H20+5S02  =  5H2S04+l2. 

This  reaction  is  made  use  of  as  a  method  for  the  detection  of 
the  presence  of  sulphur  dioxide.  Paper  which  has  been  moistened 
with  a  solution  of  potassium  iodate  and  starch,  on  exposure  to 
sulphur  dioxide  is  at  once  turned  blue,  owing  to  the  liberated 
I'vline  combining  with  the  starch. 

\  composition  of  sulphur  dioxide  may  be  determined  by  the 

*  3unsen. 
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combustion  of  sulphur  in  a  measured  volume  of  oxygen,  in  the 
apparatus  employed  for  showing  the  volume  composition  of  carbon 
dioxide  (Fig.  67).  After  the  fragment  of  sulphur  has  burnt,  and 
the  apparatus  has  been  allowed  to  cool,  it  will  be  seen  that  there 
is  no  alteration  in  the  volume  of  the  contained  gas — the  sulphur 
dioxide  produced  occupying  the  same  volume  as  the  oxygen  used 
in  its  formation.  Sulphur  dioxide,  in  other  words,  contains  its 
own  volume  of  oxygen.  One  molecule,  therefore,  of  sulphur 
dioxide  contains  one  molecule  of  oxygen,  weighing  32.  But  the 
molecular  weight  of  sulphur  dioxide  is  64.06  ;  therefore  64.06  -  32  = 
32.06  =  the  weight  of  sulphur  contained  in  the  molecule  of  the  gas. 
Sulphur  dioxide,  therefore,  contains  in  the  molecule  one  atom  of 
sulphur  combined  with  two  atoms  of  oxygen,  hence  its  composition 
is  expressed  by  the  formula  SOg. 

Sulphurous  Aeid  and  Sulphites.— Sulphurous  acid  is  only 
known  in  solution  and  in  its  hydrates.  The  solution  smells 
of  sulphur  dioxide,  and  gradually  undergoes  decomposition  by 
absorption  of  oxygen.  The  acid  is  dibasic,  having  two  atoms  of 
hydrogen  replaceable  by  metals  ;  it  is  therefore  capable  of  form- 
ing two  series  of  salts,  according  to  whether  one  or  both  of  the 
hydrogen  atoms  are  replaced.  Thus,  by  its  action  upon  potassium 
hydroxide,  when  the  acid  is  in  excess,  the  so-called  acid  potassium 
sulphite,  or  hydrogen  potassium  sulphite,  is  obtained — 

KHO  +  H,S03=HjO  +  HKS03. 

Whereas,  if  the  metallic  hydroxide  be  in  excess,  the  normal 
potassium  sulphite  is  formed — 

2KHO  +  Hj,S03=2H20  +  KjS03. 

The  alkaline  sulphites  are  readily  soluble  in  water,  all  other 
nonnal  sulphites  being  either  difficult  of  solution  or  insoluble. 

SULPHUB  TBIOXIDE. 

Formula,  SO3.     Molecular  weight = 8a  06.     Vapour  density =40.03. 

Modes  of  Formation.— ( I.)  This  compound  is  produced  when 
a  mixture  of  sulphur  dioxide  and  oxygen  is  passed  over  heated 
spongy  platinum  or  platinised  asbestos — 

2SO2  + 03=2803. 

On  leading  the  product  through  a  well-cooled  receiver,  the  sulphur 
trioxide  condenses  in  white  silky  needles.    This  method  has  been 
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successfully  employed  on  a  commercial  scale.  The  mixture  of 
sulphur  dioxide  and  oxygen  is  obtained  by  allowing  ordinary  strong 
sulphuric  acid  to  drop  into  earthenware  retorts  heated  to  bright 
redness,  whereby  it  is  almost  entirely  broken  up  into  these  two 
gases  and  water,  thus — 

H8S04=SOj+0  +  H,0. 

The  gases  are  then  deprived  of  the  water,  by  passage  first  througb 
a  condenser,  and  then  through  a  leaden  tower  containing  coke 
moistened  with  sulphuric  acid,  and  are  finally  passed  over  heated 
platinised  asbestos  contained  in  glazed  earthenware  pipes. 

(2.)  Sulphur  trioxide  is  most  conveniently  obtained  by  gently 
heating  pyrosulphuric  acid  in  a  glass  retort.  The  trioxide  distils 
over  and  may  be  collected  in  a  well-cooled  receiver — 

H2Sj507  =  H2S04+S03. 

(3.)  It  may  also  be  obtained  by  heating  sodium  pyrosulphate  to 

bright  redness — 

Na^SaOy  =  Na^SO^ + SO3. 

The  sodium  pyrosulphate  is  produced  when  hydrogen  sodium 
sulphate  (so-called  bisulphate  of  soda)  is  heated  to  about  300*9 
thus — 

2HNaS04=H20  +  Na2S207. 

And  on  account  of  this  origin  it  is  sometimes  termed  anhydrous 
sodium  bisulphate, 

(4.)  Sulphur  trioxide  can  also  be  produced  by  the  action  of 
phosphorus  pentoxide  upon  sulphuric  acid.  This  most  powerful 
dehydrating  substance  withdraws  from  the  sulphuric  acid  the 
elements  of  water  wnen  gently  heated,  thus — 

H2S04  +  P206=2HP03  +  S03. 

The  trioxide  is  distilled  from  the  mixture,  and  the  metaphosphoric 
acid  remains  in  the  retort. 

Properties. — Sulphur  trioxide  is  a  white,  silky-looking,  crystal- 
line substance,  which  melts  at  14.8°  and  boils  at  46°.  It  is  very 
volatile,  and  gives  off  dense  white  fumes  in  contact  with  air,  owing 
to  the  combination  of  its  vapour  with  atmospheric  moisture  to  form 
sulphuric  acid.  It  combines  with  water  with  great  energy  to  form 
sulphuric  acid ;  a  fragment  of  the  compound  dropped  into  water 
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dissolves  with  a  hissing  sound  resembling  the  quenching  of  red-hot 
iron — 

When  brought  in  contact  with  the  skin,  or  other  organic  matter 
containing  hydrogen  and  oxygen,  it  abstracts  these  elements  and 
produces  a  burnt  or  charred  effect  upon  the  substance.  Sulphur 
trioxide  unites  directly  with  barium  oxide,  BaO,  and  if  the  baryta 
be  dry  the  mass  becomes  incandescent,  owing  to  the  heat  of  the 
union,  and  barium  sulphate  is  formed — 

BaO  +  S03=BaS04. 

When  the  vapour  of  sulphur  trioxide  is  passed  through  a  red-hot 
tube,  it  is  broken  down  into  sulphur  dioxide  and  oxygen. 

When  the  trioxide  is  heated,  it  melts  to  a  colourless  liquid,  which 
exhibits  a  remarkably  high  rate  of  expansion  by  heat ;  between 
2^"  and  45**  its  mean  coefficient  of  expansion  is  0.0027,  nearly  three- 
fourths  of  the  expansion  coefficient  of  a  gas. 

Sulplmr  Setqniozida,  SgOj,.— A  solution  of  this  compound  in  fuming 
sulphuric  acid  was  obtained  early  in  the  century  by  heating  flowers  of  sulphur 
with  Nordhausen  sulphuric  acid,  whereby  a  blue  solution  was  obtained.  The 
substance  may  be  prepared  by  the  gradual  addition  of  dry  flowers  of  sulphur 
to  melted  sulphur  trioxide,  at  a  temperature  just  above  its  melting-point,  when 
a  malachite-green  crystalline  solid  separates  out. 

The  compound  is  unstable  at  ordinary  temperatures,  being  resolved  into 
sulphur  dioxide  and  sulphur,  the  decomposition  taking  place  rapidly  upon 
gently  warming — 

2SaO,=S  +  3S08. 

If  the  scsquioxide  be  scaled  up  in  a  bent  glass  tube  and  gently  warmed,  the 
sulphur  dioxide  may  be  obtained  liquid  in  one  limb  of  the  tube. 

HsrpOSUlpllTUrotui  Add,*  HgSgOi. — This  compound  was  discovered  by 
Schiitzenberger,  who  gave  to  it  the  formula  HjSOa.  The  later  investigations 
of  Bernsthen  prove  that  its  composition  is  expressed  by  the  formula  ^[28304. 
It  is  obtained  by  the  reduction  of  sulphurous  acid  by  means  of  nascent 
hydrogen.  Thus,  when  rinc  is  acted  upon  by  an  aqueous  solution  of  sul- 
phurous acid,  no  hydrogen  is  evolved,  as  the  nascent  gas  combines  with 
oxygen  of  the  acid  to  form  water  — 

2HaS03  +  2H  -  2H2O  +  YK^O^. 

The  solution  so  obtained  has  a  yellowish  colour,  and  possesses  powerful 
reducing  and  bleaching  properties. 

•  This  compound  (sometimes  called  hydrosulphurous  acid)  must  not  l)e  con- 
founded with  thiosulphuric  acid,  which  is  often  incorrectly  called  hypo- 
sulphurous  acid  (page  435). 
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Sodium  hjrposulphite  {^9u^kf^^  may  be  obtained  by  the  action  of  zinc  upon 
a  cooled  concentrated  solution  of  hydrogen  sodium  sulphite  (HNaSO^).  air 
being  carefully  excluded,  a  double  sulphite  of  sodium  and  sine  being  at  the 
same  time  produced,  thus— 

4HNaSO,+ Zn=NaA04+  Nai|SO,.ZnSOs+2HaO. 

The  greater  part  of  the  double  sodium-zinc  sulphite  is  deposited  as  crystals, 
the  rest  is  removed  by  adding  to  the  mother-liquor  about  four  times  its  volume 
of  alcohol,  in  a  closed  flask.  The  double  salt,  being  less  soluble  in  alccrfiol 
than  the  hyposulphite,  is  first  deposited,  and  the  clear  liquid,  after  being  poured 
off  and  corked  up,  is  cooled,  when  it  solidifies  to  a  mass  of  crystals  of  nearly 
pure  sodium  hyposulphite.  The  crystals  in  the  wet  condition  are  rapidly 
oxidised  on  exposure  to  air ;  but  if  quickly  pressed  between  blotting-paper  and 
dried  in  vacuo,  the  dry  salt  is  not  acted  upon  by  atmospheric  oxygen. 

The  acid  is  obtained  from  the  sodium  salt  by  the  action  upon  it  of  oxalic 
acid. 

Sodium  hyposulphite  is  also  formed  when  a  solution  of  hydrogen  sodium 
sulphite  is  subjected  to  electrolysis,  the  nascent  hydrogen  developed  at  the 
negative  electrode  reducing  the  sulphite  to  hyposulphite  by  the  abstraction  of 
one  atom  of  oxygen. 

Propoties. — Hyposulphurous  acid  is  an  extremely  unstable,  yellow-coloured 
liquid  which  rapidly  decomposes  into  sulphur  dioxide,  water,  and  sulphur — 

2HaS204=3SOj+2H20  +  S, 

a  certain  quantity  of  thiosulphuric  acid  being  formed  as  an   intermediate 
product  at  the  same  time — 

2H2&A=  H2SJOS+2SO2+  H2O. 

The  acid  reduces  salts  of  silver  or  mercury,  with  precipitation  of  the  metal, 

thus — 

HgCl2+2HaO+HaSa04=Hg-|-2HCl+2H2S08. 

The  sodium  salt  possesses  the  same  bleaching  and  reducing  powers  as  the 
acid,  and  when  wet  or  in  solution  it  rapidly  absorbs  oxygen  from  the  air  and 
is  converted  into  a  compound  known  as  sodium  metabisulphite— 

Na2S204  +  O  =  Nao&Ps. 

The  relation  in  which  these  two  compounds  stand  to  each  other  will  perhaps 
be  more  evident  if  their  formulae  are  written  thus — 


NaOSO  I  .  n  -  NaOSO  (^ 
NaOSO  I  +  '^  -  NaO-SO  |  ^• 


PEBSULPHTIBIC  ANHTDBIDE. 
Formula,  SgO;. 

This  compound  is  formed  when  a  mixture  of  dry  sulphur  dioxide 

and  oxygen  is  subjected  to  the  silent  electric  discharge  in  an  ozone 

or  by  treating   sulphur  trioxide  and  oxygen  in  the   same 
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manner.  At  the  end  of  some  hours  a  small  quantity  of  a  viscous 
liquid  collects  upon  the  walls  of  the  glass  vessel,  which,  when 
cooled,  solidifies  in  the  form  of  long  transparent  needle-shaped 
cr>'sta]s  resembling  sulphur  trioxide  in  appearance.  It  is  a  very 
unstable  substance,  and  can  only  be  preserved  a  short  time  even  at 
low  temperatures.  It  is  soluble  in  water,  with  the  formation  of 
persulphuric  acid,  but  the  solution  rapidly  undergoes  decomposition 
into  oxygen  and  sulphuric  acid — 

S207  +  Hj,0=2HS04. 
2HS04  +  HjO  =  2HjS04  +  0. 

When  very   gently  warmed,    persulphuric    anhydride    rapidly 
breaks  up  into  sulphur  trioxide  and  oxygen — 

S,07  =  2S03  +  0. 

The  readiness  with  which  it  gives  up  oxygen  constitutes  this  com- 
pound a  powerful  oxidising  agent,  and  affords  the  clue  to  most  of 
its  reactions. 

Pennlpliarlo  Add  and  Pomilpluttef.— When  dilute  sulphuric  acid  is  sub- 
jfcicfl  to  electrolysis  (as  in  the  process  commonly  spoken  of  as  the  electrolysis 
of  water),  appreciable  quantities  of  persulphuric  acid  are  found  in  solution  at 
the  positive  electrode  or  anode. 

The  acid  itself  has  never  been  obtained  in  a  state  of  purity,  its  aqueous 
solution  rapidly  undergoing  decomposition,  as  already  mentioned. 

In  solution  this  compound  displays  all  the  oxidising  properties  of  the  oxide. 

The  potassium  salt  may  be  obtained  by  the  electrolysis  of  a  saturated  solu- 
tion of  hydrogen  potassium  sulphate  in  a  divided  cell,  the  action  being  due  to 
tlio  oxidation  of  the  hydrogen  potassium  sulphate  by  the  nascent  oxygen 
develo{>ed  at  the  anode,  thus — 

2H  KSO4 + O = HjO  +  2KSO4. 

Tilt*  potassium  persulphate,  being  a  sparingly  soluble  salt,  crystallises  out, 
and  may  be  freed  from  the  acid  sulphate  by  recrystallisation. 

The  ammonium  salt,  NH4SO4,  and  the  barium  salt,  Ba(S04)2,4HaO,  have 
als(j  been  obtained.  Barium  persulphate  is  soluble  in  water,  being  much  more 
readily  dissolved  than  the  potassium  salt ;  thus,  100  parts  of  water  at  o**  dissolve 
1.77  parts  of  potassium  persulphate  and  52.2  parts  of  the  barium  salt.  On 
this  account  solutions  of  persulphates  give  no  precipitate  with  l)arium  chloride, 
whereby  they  are  distinguished  from  sulphates ;  if  the  mixture  be  vrarmed, 
however,  the  persulphate  is  decomposed  into  a  sulphate,  with  evolution  of 
chlorine,  thas — 

2KSO4  +  BaCla=  Ba(S04)a+ 2KC1=  BaS04  +  ^3804 + Clj. 
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In  the  solid  condition  the  persulphates  are  stable  ^^ts,  but  their 
solutions  gradually  evolve  oxygen  and  become  converted  into  sulphates — 

2KSO4  +  HgO = 2H  KSO4 +0. 

The  reactions  exhibited  by  solutipns  of  persulphates  ,are  those  of  strong 
oxidising  agents. 

SULPHUBIG  AGID. 

Formula,  H2SO4. 

Modes  of  Formation.— ( I.)  This  acid  is  formed  when  sulphur 

trioxide  is  dissolved  in  water — 

(2.)  It  is  also  formed  by  the  direct  union  of  sulphur  dioxide  with 
hydrogen  peroxide — 

S02+H202=H2S04. 

(3.)  An  aqueous  solution  of  sulphur  dioxide  gradually  absorbs 
oxygen,  and  is  converted  into  sulphuric  acid — 

H.^S03  +  0  =  H2S04. 

(4.)  Manufacture  of  Sulphuric  Acid.~Sulphur  dioxide  is  un- 
able to  absorb  an  additional  atom  of  oxygen,  and  so  pass  into 
sulphur  trioxide,  without  the  aid  of  some  third  substance  which 
can  act  as  a  catalytic  agent  or  a  carrier  of  oxygen.  The  material 
which  is  employed  for  this  purpose  in  the  process  by  which  sul- 
phuric acid  is  manufactured  is  one  of  the  oxides  of  nitrogen,  which 
is  capable  of  giving  up  oxygen  to  the  sulphur  dioxide,  and  of  again 
taking  up  oxygen  from  the  air.  Thus,  nitrogen  peroxide  (NO,), 
])y  the  loss  of  one  atom  of  oxygen,  is  reduced  to  nitric  oxide,  NO  ; 
which  in  its  turn  combines  with  atmospheric  oxygen  and  is  re- 
converted into  nitrogen  peroxide.  Therefore,  when  sulphur  dioxide 
and  oxygen  are  mixed  with  nitrogen  peroxide  in  the  presence  of 
steam,  a  series  of  reactions  takes  place,  the  final  result  of  which 
is  that  the  oxygen  is  caused  to  combine  with  the  sulphur  dioxide 
and  water,  with  the  formation  of  sulphuric  acid — 

SO.  +  0+H,0  =  112804. 

The  nitrogen  peroxide  at  the  end  of  the  reaction  is  unchanged, 
and  is  able  t(^  react  in  the  saine  scries  of  changes  over  and  over 
again,    thus    transforming,    theoretically,   an    unlimited,    and,    in 


Sulphuric  Acid  427 

practice,  a  relatively  large  quantity  of  sulphur  dioxide  into  sul- 
phuric acid. 

The  series  of  changes  that  gives  rise  to  the  ultimate  product  is 
the  following  : — The  sulphur  dioxide,  nitrogen  peroxide,  and  water 
give  rise,  in  the  first  place,  to  the  formation  of  nitro-sulphonic  acid 
and  a  molecule  of  nitric  oxide — 

(I.)  2SOj+3NOj+HjO=2H(NO)S04+NO. 

Nitro-sulphonic  acid  (sometimes  called  nitrihsuiphuric  acid^  and 
nitrosyl  sulphate)  may  be  regarded  as  sulphuric  acid  in  which  one 
of  the  hydrogen  atoms  is  replaced  by  the  group  (NO),  thus, 

<OH 
^_  ^^  in  which  case  the  nitrogen  is  linked  to  the  sulphur 

by  the  intervention  of  oxygen  ;  or  it  may  be  considered  as  derived 
from  sulphuric  acid  by  the  replacement  of  one  of  the  groups  (HO) 

by  the  group  NO,,  SOjC^  ^^     when    the    nitrogen    is    directly 

attached  to  the  sulphur.  The  substance  is  a  white  crystalline 
compound  which  in  the  presence  of  water  is  instantly  decomposed 
into  sulphuric  acid  and  a  mixture  of  nitric  oxide  and  nitrogen 
peroxide,  thus — 

(2.)  2S02(HO)(NO,)  +  HjO  =  2H,S04+Nb  +  NOj^ 

The  nitric  oxide  in  this  and  the  former  reaction,  on  coming  in 

contact  with  the  atmospheric  oxygen,  is  at  once  reconverted  into 

nitrogen  peroxide — 

(3.)  NO  +  0  =  NO^ 

In  the  process  of  the  manufacture  the  crystalline, compound 
S0jj(H0)(N02)  (known  as  chamber  crystals)  is  not  actually  isolated, 
unless  from  accidental  causes  the  supply  of  water  is  in  deficit,  the 
production  of  these  crystals  being  regarded  as  an  indication  that 
the  process  is  not  being  well  carried  out. 

The  formation  of  sulphuric  acid  by  these  reactions,  with  the 
intermediate  production  of  the  chamber  crystals,  may  be  carried 
out  on  a  small  scale  by  means  of  the  apparatus  shown  in  Fig.  1 1 5. 
A  large  flask,  F,  is  fitted  with  a  cork,  through  which  pass  five 
tubes  :  three  of  these  are  connected  to  separate  two-necked  bottles 
containing  sulphuric  acid,  through  which  can  be  delivered  respec- 
tively, nitric  oxide,  sulphur  dioxide,  and  oxygen.  The  fourth  tube 
is  attached  to  a  flask  in  which  water  may  be  boiled,  and  through 
which  oxygen  can  be  passed,  and  the  fifth  tube  (not  shown  in 
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the  figure)  serves  as  an  exit.  A  quantity  of  oxygen  is  first  passed 
into  the  large  llaslc  through  the  drying-botlle  D,  and  sufficient 
nitric  oxide  is  then  allowed  to  enter,  to  fonn  deep  red  vapours  ;  at 
ihe  same  time  sulphur  dioxide  is  passed  in  through  the  bottle  S. 
In  order  to  introduce  a  small  quantity  of  moisture,  oxygen  is 
allowed  to  enter  through  the  flaslc  of  boiling  water,  and  in  a  few 
moments  large  while  crystals  begin  to  form  all  over  the  interior 
of  the  flask,  and  rapidly  spread  until  the  whole  sur&ce  is 
covered. 

In  order  to  show  the  second  reaction  In  the  cycle,  Ihe  gaseous 


Fig.  IIS 

contents  of  the  flask  may  be  swept  out  by  means  of  a  rapid  stream 
of  oxygen  passed  in  ihrough  the  drying-bottle  D  ;  and  when  the 
atmosphere  within  the  apparatus  is  colourless,  a  quantity  of  steam 
is  driven  in  from  the  small  flask.  The  chamber  crystals  wiB 
be  seen  to  dissolve  with  effervescence,  and  the  flask  once  more 
becomes  filled  with  brown  fumes.  The  nitric  oxide  evolved  by 
the  decomposition  of  the  nitrosyl  sulphate,  coming  in  contact  with 
the  oxygen  within  the  flask,  at  once  regenerates  nitrogen  peroxide, 
in  accordance  with  equation  No.  3. 

The  solution  formed  in  the  flask  will  be  found  to  yield  a  pre- 
cipitate of  barium  sulphate,  on  the  addition  to  it  of  a  soluble 
barium  salt. 

On  a  manufacturing  scale,  the  combination  of  the  reacting  gase 
and  vapours  which  gives  rise  to  the  sulphuric  acid  takes  place  il 
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large  leaden  chambers,  usually  about  100  feet  long,  25  feet  wide, 
and  20  feet  high,  having  therefore  a  capacity  of  50,000  cubic  feet, 
several  of  such  chambers  being  placed  in  series.  Into  these 
chambers  there  is  delivered  sulphur  dioxide,  air,  oxides  of  nitrogen, 
and  steam. 

The  plant  employed  for  the  manufacture  of  sulphuric  acid  con- 
sists broadly  of  four  parts,  i.  Apparatus  for  generating  sulphur 
dioxide.  2.  Apparatus  for  producing  oxides  of  nitrogen.  3.  Appa- 
ratus for  absorbing  oxides  of  nitrogen  from  the  gases  leaving  the 
chambers.    4.  The  chambers  in  which  the  reactions  are  made. 

(i.)  Pyrites  Burners, — The  sulphur  dioxide  is  obtained  cither  by 
burning  native  sulphur,  or  roasting  the  "  spent  oxide "  of  the  gas 
works  (see  Sulphur),  or  by  roasting  pyrites,  the  latter  being  the 
most  general  method.  The  pyrites  burner  (Fig.  116,  B)  is  essen- 
tially a  small  furnace  or  kiln  in  which  the  ore  is  heated,  and  in 
which  the  admission  of  air  can  be  duly  regulated,  as  not  only  is  it 
necessary  to  admit  sufficient  air  to  completely  burn  the  whole  of 
the  sulphur,  and  so  prevent  any  volatilisation  of  it  in  an  unburnt 
condition,  but  also  to  supplyi  the  requisite  volume  of  oxygen  for 
the  requirements  of  the  reactions  which  are  to  go  on  within  the 
chamber.  Too  large  a  volume  of  air  must  be  avoided,  in  order  not 
to  unduly  dilute  the  chamber  gases. 

(2.)  If  no  loss  of  nitrogen  peroxide  took  place  during  the  cycle 
of  changes,  the  same  quantity  of  this  gas  would  convert  an  infinite 
amount  of  sulphur  dioxide  and  water  into  sulphuric  acid,  but  in 
practice,  owing  to  leakage,  defective  absorption,  and  the  reduction 
of  a  certain  percentage  of  this  compound  into  nitrous  oxide,  it  is 
necessary  to  constantly  replenish  the  supply.  This  is  usually  done 
by  generating  a  small  quantity  of  nitric  acid  (by  the  action  of 
sulphuric  acid  upon  nitre)  in  earthenware  pots,  which  are  usually 
placed  in  an  enlarged  part  of  the  flue  of  the  pyrites  burner,  known 
as  the  "nitre  oven,"  and  which  is  provided  with  a  door  for  the 
introduction  of  the  pots  (Fig.  116,  N).  The  heated  gases  playing 
upon  these  pots  promotes  the  evolution  of  the  nitric  acid,  which  in 
contact  with  sulphur  dioxide  is  at  once  decomposed  according  to 
the  equation — 

2HN03  +  SO,  =  H,S04-l-2NOj^ 

It  is  found  that  to  make  up  for  the  loss  of  nitrogen  peroxide, 
about  three  to  four  parts  of  nitre  arc  required  for  every  100  parts 
of  sulphur  burnt  as  pyrites. 
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(3.)  The  apparatus  for  the  absorption  of  the  nitrogen  peroxide 
from  the  gases  that  are  drawn  from  the  chamber  at  the  end  of  the 
series  is  known  as  the  "Gay-Lussac  Tower"  (Fig.  116,  T^  This 
consists  of  a  square  leaden  tower  filled  with  fragments  of  coke, 
and  down  which  there  is  caused  to  slowly  percolate  a  stream  of 
cold  strong  sulphuric  acid,  the  acid  being  evenly  spread  over  the 
mass  of  coke  by  a  special  distributing  arrangement.  The  nitrogen 
peroxide  is  absorbed  by  the  acid,  with  the  formation  of  nitro- 
sulphonic  acid,  SO^CHOXNO^.  In  order  to  make  use  of  the 
absorbed  nitroxygen  compound,  the  acid  which  flows  from  the 
Gay-Lussac  tower  is  pumped  to  the  top  of  another  very  similar 
tower,  situated  between  the  "  burners  "  and  the  first  of  the  cham- 
bers, and  known  as  the  **  Glover  Tower,"  G.  The  hot 
the  burners,  consisting  of  sulphur  dioxide,  nitrogen,  and 
together  with  the  small  quanti4ies  of  nitrogen  peroxide  from  the 
nitre  pots,  are  made  to  pass  up  this  tower  on  their  way  to  the  fini 
chamber,  and  meeting  with  the  descending  stream  of  nitro-sul- 
phonic  acid  as  it  percolates  through  the  mass  of  coke  with  which 
the  tower  is  filled,  dcnitrification  of  the  latter  takes  place,  thus — 

2SO.(HOXNO:j)  +  S02  +  -2H20  =  2NO  +  3S02(HOXHO), 

or  3HjjS04. 

The  nitric  oxide  thus  evolved,  in  presence  of  the  atmospheric 
oxygen,  is  converted  into  nitrogen  peroxide,  and  swept  along  with 
the  other  gases  into  the  chambers. 

In  practice  it  is  usual  to  deliver  down  the  Glover  tower,  besides 
the  nitro-sulphonic  acid,  a  quantity  of  "chamber  acid"  from  a 
separate  tank.  The  effect  of  the  heated  gases  upon  this  dilute 
acid  is  to  remove  a  p)rtion  of  the  water  from  it,  thereby  e/Tecting 
its  partial  concentration,  and  furnishing  the  water  demanded  by 
tlic  iibove  equation.  It  will  be  seen,  therefore,  that  there  is  a 
scrubber  tower  at  each  end  of  the  series  of  chambers,  the 
"Gay-Lussac"  at  the  exit,  where  nitrogen  peroxide  is  absorbed  ; 
and  the  "Glover"  at  the  commencement,  where  the  dissolved 
nitrogen  compound  is  again  liberated  and  returned  to  the 
chambers. 

(4.)  The  chambers  are  made  of  sheet  lead,  connected  together 
by  fusing  the  edges  by  means  of  an  oxyhydrogen  flame,  without 
the  intenention  of  solder,  as  the  presence  of  another  metal  gives 
rise  to  the  rapid  corrosion  of  the  lead  on  account  of  galvanic 
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action  being  set  up  ;  this  meihod  of  joining  the  lead  is  known  as 
autogenous  snlifering.  The  enormous  leaden  chamber  is  supported 
in  a  frnmework  of  wood,  to  which  the  lead  is  secured  by  bands  of 


the  same   melal,  and  the  whole  is  usually  supported  on   iron  or 
brick  pillars. 

The  general  arrangement  of  a  modem  sulphuric  acid  works  is 
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Fig.  il6.     The   gases   from    Ihe   double   row  af  pynt< 
burners    B   are    led    through    llie   Glover   toHcr   G,    where    tir 
effect  the   denitrificaaon   of  the   iiilro-sulphonic  acid,  as  alrc-ii 
explained.     From  this  tower  they  are  delivered  into  the  scries  i 
chambers,  where  they  meet  with  the  necessary  supply  of  sti 
The  acid  collects  upon  the  floor  of  Ihe  ch;imbcrs,  and  samples 
constantly  dfawn   nff  by  means  of  an  arrangement  known   SX: 
drip-fiipe,  which,  acting  in  a  manner  similar  to  a  tain  gauge,  indi 
cales  the  progress  of  the  processes  going  on  within.     The  gases, 
after  being  drawn  through  the  entire  series  of  chambers  by  means 
of  the  draught  caused  by  the  tall  chimney,  are  Anally  passed  up 
the  Gay-Lussac  tower  T,  where  all   the  nitrogen  peroxide  is  ab- 
sorbed, and  relumed  to  the  chambers  IlirouKh  the  intervention  of 
the  Glover  tower  G,  as  above  described. 

The  acid  which  collects  in  the  chambers  is  usually  not  permitted 
to  reach  a  higher  specific  gravity  than  about  i.5,  when  it  contains 
about  68  per  cent,  of  sulphuric  acid  ;  for  if  the  strength  be  allowed 
to  exceed  this,  ihe  acid  not  only  begins  to  dissolve  the  nitrogen 
peroxide  in  the  chamber,  but  exerts  a  corrosive  action  upon 
lead  of  which  the  chamber  is  conslnictcd.  It  is  therefore 
drawn,  and  ihe  first  stage  in  the  further  concentration  is  eBet 
cither  by  the  action  of  the  Glover  tower,  or  by  evapotation 
shallow  leaden  pans. 

[n  order  to  bring  up  the  strength  of  the  acid  to  that  of  "oil  •  i 
vitriol,"  that  is,  to  abiiut  9S  per  cent.,  the  acid  from  the  Gloi  r  1 
tower  or  the  leaden  pans  is  heated  in  cither  glass  or  platinum 
stills. 

Sulphuric  acid,  unless  specially  purified,  is  liable  to  contain  a 
number  of  impurities,  such  as  lead  sulphale,  derived  from  the 
action  of  the  acid  upon  the  chamber ;  arsenic,  from  the  pyrites 
employed  ;  oxides  of  nitrogen,  and  sulphur  dioxide.  From  most 
of  the  impurities,  except  the  arsenic,  the  acid  may  be  purified 
by  the  addition  of  ammonium  sulphate,  and  subsequent 
lillation— 


(NH,),SO(+2SO/HO)(NO;^=3H;,SO,  +  3HjO+2N, 


Arsenic  may  be  removed  by  boiling  the  acid  with  hydrochloi 
acid  or  sodium  chloride,  when  it  passes  away  as  arsenious  chloriiJ- 

Properties.— Sulphuric  acid  is  a  perfectly  colourless,  heav; , 
oily  h<|uid.  The  acid  obtained  by  dislillalion  always  contains 
about  2  per  cent,  of  water ;  stronger  than  this  it  cannot  be  prepi 
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by  evaporation  or  distillation.  When,  however,  acid  of  this  strengfth 
is  cooled  to  o**,  colourless  crystals  of  pure  sulphuric  acid,  containing 
100  per  cent.  HgSO^,  are  deposited.  The  crystals  melt  at  10.5*, 
and  remain  liquid  at  temperatures  much  below  this  point.  The 
specific  gravity  of  the  pure  acid  is.  1.854  at  0°.  When  boiled  it 
j,nves  off  sulphur  trioxide  until  the  amount  of  water  in  it  rises 
to   1.5  per  cent,  when  it  distils  unchanged  at  a  temperature  of 

338^ 

Sulphuric  acid  has  a  powerful  affinity  for  water,  and  absorbs 
moisture  from  the  atmosphere  with  great  readiness.  On  this 
account  it  constitutes  one  of  the  most  valuable  desiccating  agents, 
and  is  constantly  made  use  of  for  depriving  gases,  upon  which  it 
exerts  no  chemical  action,  of  aqueous  vapour.  Owing  to  its  strong 
affinity  for  water  it  decomposes  many  organic  substances  contain-  , 
ing  hydrogen  and  oxygen,  withdrawing  from  the  compounds  these 
elements  in  the  proportion  to  yield  water ;  its  action  upon  formic 
acid,  oxalic  acid  (see  Carbon  Monoxide),  and  alcohol  (see  Ethy- 
lene) are  examples  of  this  action. 

When  the  acid  is  poured  upon  such  substances  as  wood  or  sugar 
the  elements  composing  water  are  withdrawn  and  the  carbon  is 
liberated,  with  the  result  that  the  compounds  are  blackened  or 
charred. 

When  sulphuric  acid  is  mixed  with  water  considerable  heat  is 
disengaged,  the  temperature  often  rising  to  the  boiling-point  of  • 
water,  and  at  the  same  time  a  diminution  in  volume  takes  place. 
The  maximum  contraction  is  obtained  upon  mixing  the  materials 
in  the  proportion  of  one  molecule  of  acid  to  two  molecules  of  water. 
The  diminution  in  volume  in  this  case  amounts  to  8  per  cent.,  and 
the  composition  of  the  acid  produced  corresponds  to  the  formula 
H3,S04,2H20. 

Sulphuric  acid  combines  with  water  in  various  proportions,  form- 
ing a  number  of  hydrates  of  a  more  or  less  definite  character.  The 
best  known  are  those  represented  by  the  fonnulae  H2S04,H20  and 
H^S04,2H20.  These  compounds  may  be  regarded  as  respectively 
tetrabasic  and  hexabasic  sulphuric  acid,  and  their  relation  to 
the  ordinary  dibasic  acid  may  be  expressed  by  the  following 
formulae — 

H2SO4        .         .        .     orSOgfHO)^. 
H4SO5  or  H^SO^^H^O     „  SO(HO)4. 
H«SOo  „  H2S04,2H20   „  S(HO)e. 

2  E 
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Salts  of  each  of  these  acids  are  known 

Hydrogen  potassium  sulphate  .     .  IIKSO^  \ 

Normal  potassium  sulphatt?      .     .  K2SC)4    >  Derived  from  H9SO4. 

Ririum  sulphate Ra.S04    ) 

Tctnil)asic  lead  sulphate      .     .     .  Pb^SOj  ,,  ,,     H4SOB. 

llcxabasic  mercuric  sulphate )  tj„  ^r*  u  er^ 

(Turpeth  nuneral)  )  •-     w 

Most  sulphates  are  soluble  in  water  ;  those  of  lead,  calcium,  and 
strontium  are  only  very  sparingly  soluble,  whilst  barium  sulphate  is 
insoluble  both  in  water  and  acids.  The  presence  of  sulphuric  acid 
or  a  sulphate  may  therefore  be  readily  detected  by  the  addition  of 
a  soluble  barium  salt,  which  causes  the  immediate  precipitation  of 
while  barium  sulphate,  insoluble  in  hydrochloric  acid. 


PTBOSULPHUBIC  ACID  {Nordhauscn  Acid ;  Fwninii  SulJ»hufit  Acid). 

Formula,  H2S0O7  or  i-iq.I;o'^  1  ^' 

Modes  of  Formation. — (i.)  This  acid  may  be  obtained  by  dis- 
solving sulphur  trioxide  in  ordinary  sulphuric  acid — 

H..SO..  +  SO..=  H.,S.A. 

On  cooling  the  solution  to  o**  the  pyrosulphuric  acid  separates  out 
in  the  form  of  large  colourless  crystals. 

(2.)  Pyrosulphuric  acid  is  manufactured  by  the  distillation  of 
ferrous  sulphate  in  clay  retorts,  mounted  in  series  in  €i  larg^e 
"  galley  "  furnace.  The  first  action  of  heat  upon  crystallised  ferrous 
sulphate  (green  vitriol)  is  to  expel  six  molecules  of  water  of  crystal- 
lisation, leaving  the  salt  of  the  composition  Fe.S04,H20.  When 
this  substance  is  further  heated  it  is  decomposed  finally  into  ferric 
oxide,  with  the  formation  of  sulphur  trioxide,  water,  and  sulphur 
dioxide,  thus — 

2FeS04,HoO  =  Fe^Oy  +  SO..  +  SO2  +  2HoO. 

The  decomposition  takes  place  in  two  stages,  the  sulphur  dioxide 
and  water  being  evolv<.-d  in  the  first  part  of  the  process  >^'ith  the 
formation  of  ferric  sulphate,  which  is  afterwards  broken  up  in  the 
manner  shown  in  the  following  equation- - 

(i .)  fIFeSO ,, H ..O  -  Fc/SO ,),  +  ^l Kc..( ),  +  3SO,.  +  OH.O. 
(2.)  Fe,(SO,):;  "  Fc,(^r+-'^^^<>j- 
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The  sulphur  trioxide  is  condensed  in  receivers  containing  either 
a  small  quantity  of  water  or  a  charge  of  sulphuric  acid. 

(3-)  Pyrosulphuric  acid  may  also  be  obtained  by  decomposing 
sodium  pyrosulphate  (NajSjOy),  either  by  heating  it  to  a  high 
temperature  (sec  Sulphur  Trioxide,  page  422),  or  by  acting  upon  it 
with  sulphuric  acid,  thuf 


NajSjOy + H,S04 = 2H  NaS04 + SO,. 

The  sulphur  trioxide  obtained  is  dissolved  in  sulphuric  acid,  as  in 
the  former  methods ;  and  the  hydrogen  sodium  sulphate,  when 
gently  heated  to  about  300',  is  reconverted  into  pyrosulphate  by 
the  loss  of  a  molecule  of  water  (page  422). 

Properties.— Pyrosulphuric  acid  is  a  colourless,  strongly  fuming 
liquid,  having  a  specific  gravity  of  1.88.  When  cooled,  it  solidifies 
to  a  crystalline  mass,  which  melts  at  35*.  The  compound  may  be 
regarded  as  consisting  of  one  molecule  of  sulphuric  acid  plus  a 
molecule  of  sulphur  trioxide,  H2S04,S03  ;  or,  as  being  derived 
from  two  molecules  of  sulphuric  acid,  by  the  withdrawal  of  one 
molecule  of  water,  thus — 

/O-H     H-0\  /O-H     H-0\^^ 

Pyrosulphuric  acid  forms  a  stable  series  of  salts,  of  which  the 
sodium  compound  already  mentioned  is  a  typical  example.  These 
salts  are  sometimes  spoken  of  as  the  disuiphates^  and  are  analogous 
to  the  dichromates  ijq.v.). 

Two  other  definite  compounds  of  sulphur  trioxide  and  sulphuric  acid  are 
known  to  exist,  both  of  which  are  fuming  acids.  The  composition  of  these 
substances  is  expressed  by  the  fornaulse — 

HaS04,3S08,  or  H2S40,3:  and  3HjS04,SO„  or  H^40,5. 


THI08XJLPHUBIG  ACID. 

Formula,  H^O,. 

This  acid  has  never  been  obtained  in  the  free  state,  as  it  decom- 
poses almost  as  soon  as  liberated  from  its  salts  into  sulphur  dioxide 
and  water,  with  precipitation  of  sulphur — 

HgSjOg-^SDj+HjO  +  S. 
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The  thiosulphates,  however,  are  stable  and  important  salts,  the 
sodium  salt  being  largely  used  in  photography  under  the  name  of 
hyposulphite  of  soda,  or  "  hypo." 

Modes  of  Formation  of  Thiosulphates.^i.)  These  salts 

may  be  obtained  by  digesting  flowers  of  sulphur  with  solutions  of 
the  sulphites,  thus — 

Na2S03 + S  =  Na2S203. 

(2.)  Sodium  thiosulphate  is  also  formed  when  sulphur  dioxide  is 
passed  into  a  solution  of  sodium  sulphide.  The  reaction  may  be 
regarded  as  taking  place  in  three  steps,  in  which  sodium  sulphite 
and  sulphuretted  hydrogen  are  the  first  products.  The  latter  com- 
pound is  then  acted  upon  by  sulphur  dioxide,  with  the  precipitation 
of  sulphur,  thus — 

SOj+HgO  +  NaaS^NaaSOa  +  HgS. 
S02  +  2H2S=2H20  +  3S. 

And  the  sulphur  reacts  with  the  already  formed  sulphite,  as  indi- 
cated in  the  equation  given  above. 

(3.)  When  sulphur  is  boiled  with  sodium  hydroxide,  or  with  milk 
of  lime,  mixtures  of  sulphides  and  thiosulphates  are  obtained  in 
both  cases — 

6NaHO  +  4S  =  Na2S203  +  2Na2S  +  3H20. 
3Ca(HO).  +  1 2S  =  CaSgOa  +  2CaS5  +  aHjO. 

The  sodium  sulphide  can  be  converted  into  thiosulphate  by  the 
reactions  given  above.  Calcium  pentasulphide,  on  exposure  to  air, 
absorbs  oxygen  and  forms  a  further  quantity  of  thiosulphate  with 
precipitation  of  sulphur — 

CaS5+30  =  3S4-CaS203. 

The  thiosulphates  are  decomposed  by  most  acids,  with  the  libera- 
tion of  sulphur  dioxide,  and  precipitation  of  sulphur.  They  show  a 
great  tendency  to  form  double  salts,  many  of  which  are  soluble 
in  water  ;  thus  sodium  thiosulphate,  in  contact  with  cither  silver 
chloride,  bromide,  or  iodide,  forms  the  soluble  double  sodium-silver 
thiosulphate,  NaAgSoOj — 

NajSaOa  4-  AgCl  =  NaCl  +  Na  AgS^Oa- 
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I  he  employment  of  sodium  thiosulphate  in  photography,  for 
"  fixin>( "  negatives  or  silver  prints,  depends  upon  this  property. 

Thiosulphuric  acid  may  be  regarded  as  being  derived  from  sul- 
])huric  acid  by  the  replacement  of  one  of  the  (HO)  or  hydroxyl 
groups,  by  an  equivalent  of  (HS)  or  hydrosulphyl — 


HO 
HO 


}so^     SS}so. 


Dithionic  Add.  HjSaO,  or  hq-So' }*~~^'*   compound  is  prepared  by 

passing  a  stream  of  sulphur  dioxide  through  water  in  which  manganese 
dioxide  is  suspended,  whereby  manganese  dithionate  is  formed ;  while  at  the 
same  time  a  portion  of  the  salt  is  acted  upon  by  manganese  dioxide,  and  con- 
verted into  manganotis  sulphate,  thus — 

2SO,+  MnOa=  MnSjOj. 
MnSjO,  +  MnOa=2MnS04. 

On  t}ie  addition  of  barium  hydroxide  to  the  solution,  barium  dithionate, 
t>arium  sulphate,  and  manganous  hydrate  are  formed — 

MnSjOj  +  Ba(HO)a-=  BaSaOe+  Mn(HO)a. 

Barium  dithionate,  being  soluble,  is  separated  by  filtration,  and  upon 
evaporation  separates  out  in  crystals  of  the  composition  BaSgO|},2H90. 

lj)on  the  addition  of  dilute  sulphuric  acid  in  amount  demanded  by  the 
equatiun — 

BaSjOe+HaS04=BaS04+H2Sp«, 

the  acid  itself  is  obtained.  The  solution  may  be  concentrated  in  vacuo  until 
it  reaches  a  specific  gravity  of  1.347.  Further  concentration  results  in  its  de- 
composition into  sulphuric  acid  and  sulphur  dioxide— 

HaSjO,=SOa-l-  H2SO4. 

I  )ithionic  acid  forms  well-defined  crystalline  salts,  which  on  heating  decom- 
pose into  sulphates  with  evolution  of  sulphur  dioxide. 

Dithionic  acid  was  formerly  f:sSitidi hyposulphuric  acid,  and  its  salts  are  still 
sometimes  referred  to  as  hypoTulphates, 

Trithionic  Add,  H2S3O,  or  ho'Io*  }^~"^^®  potassium  salt  of  this  acid 
may  Ix;  obtained  by  passing  sulphur  dioxide  through  a  strong  solution  of 
potassium  thiosulphate — 

3SOa + 2K5SjO,=S -I- ZKaSsOrt. 

It  is  also  formed  when  a  solution  of  potassium  silver  thiosulphate  is  boiled — 

KO  Uq 

AgS  I  <,^    -  ^^^  +  KOSO3  f  ^• 
KO  i  ^"a 
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The  sodium  salt  may  l)e  obtained  by  the  addition  of  iodine  to  a  miictvc  fi 

sodium  sulpiiite  and  thiosulphate — 


NaO 

NaS 


}s02+Na^SO,+l3=2NaI  + JJ*§;g  J  S. 


The  acid  itself  is  obtained  by  the  addition  of  fluosilicic  acid  to  a  solution  of 
the  iK>tassium  salt,  when  insoluble  potassium  fluosilicate  is  ivecipitated. 

Roth  the  acid  itself  and  its  salts  are  readily  decomposed  into  sulphur  dioxide. 
sulphur,  and  either  sulphuric  acid  or  a  sulphate,  thus — 

KaS,0«=KaS04+S02+S. 

When  acti^  ui)on  by  sodium  amalgam,  sodium  trithionate  is  converted 
back  again  into  its  generatoi^,  sodium  sulphite  and  thiosulphate,  thus — 

NaOSO.,  )„  lxi        XT    cr^   .NaO)^^^ 

TetnttMonic  Add.  HaS^Ojor  ^^?^  JSa.— The  sodium  salt  is  obtained 
by  the  action  of  iodine  upon  sodium  thiosulphate — 

2NaSNaOSOa  +  lo-^2NaI  ^  ^t^q'so!  }  ^ 

The  barium  silt,  from  whicli  the  acid  itself  is  most  readily  obtidned.  is  pre- 
pared by  the  gradual  addition  of  iodine  to  l>arium  thiosulphate  in  water—- 

2I^S;03  + 1.^  =  Balo  +  liiiSPfl. 

The  barium  tetratbionatt.'  is  separated  by  the  addition  of  alcohol,  which  dis- 
solves \\\\\  iodidi;  and  <."xa'ss  of  iodine,  leaving  the  tetrathionate.  By  the 
addition  of  dilute  sulphuric  acid  to  im  aqueous  solution  of  this  salt,  in 
amount  dcmande«l  by  the  equation — 

BaS40rt+  H..S04=  Il...S40rt-f  liaS04, 

a  dilute  aqueous  solution  of  the  acirl  may  Ih:  obtained.  The  dilute  acid  may 
Ix*  lioiled  without  decomposition  ;  but  when  concentrated,  it  readily  passes 
into  sulphuric  acid,  sulphur  dioxide,  and  sulphur. 

Soiiium  amalgam  decomposes  the  sodium  salt  into  two  molecules  of  thio- 
sulphate, reversing  the  reaction  by  which  it  is  produced. 

HO 'SO    ) 
Pentathlonlo  Acid,   H.jS;^Og  or    ^  '     -  j  S3.— This  acid  is  prepared   by 

passing  sulphuretted  hydrogen  '\\\\.o  a  strong  acpiwms  solution  of  sulphur 
dioxide — 

5SO.J  r-  51 1._».S  =  HsSPrt  +  oS + 4  HoO. 
or— 

51 1.jSO:H- J>H._.S^ H.«s.Oh  ;  r)S-}  Jrtl.p. 

The  solution  contains,  however,  mon-  or  les^  of  the  other  thionic  acids,  but 
as  the  i>ii.>6a^c  of  sulphuretted  hydrogen  is   continued,   these  are  gradually 
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decomp)osed,  and  ultimately  the  pentatbionic  acid   also,  so  that'  the  final 
products  of  the  action  of  excess  of  this  gas  will  be  sulphur  and  water — 

HjSjOa + SHjS = 6H2O  +  lOS. 

The  solution  obtained  by  the  first  action  may  be  concentrated  by  cautious 
evaporation  in  vacuo,  until  a  specific  gravity  of  1.46  is  obtained,  when  on  partial 
saturation  with  potassium  hydroxide  and  filtration,  a  solution  is  obtained  which 
on  spontaneous  evaporation  deposits  crystalsof  potassium  pentathionate,  having 
the  composition  KjS^Os.SHjO.  On  heating,  the  salt  splits  up  into  potassium 
sulphate,  sulphur  dioxide,  and  sulphur. 


OXYCHLORIDES  OF  SULPHUR, 

Four  of  these  compounds  are  known,  all  of  which  may  be  re- 
^'arded  as  being  derived  from  the  oxyacids  by  the  replacement  of 
hydroxyl  (HO)  by  its  equivalent  of  chlorine. 

1.  Thionyl  chloride,  or   CI )  ,.-.  ..  . .  HO  )  ^,^  sulphurous 
S«ifiun,us  chloride  C\\^  corresponding  oxyacd  ^^^  }  SO.      ^^ 

2.  Sulphuryl  chloride,  orCl  )  oq 

Sulphuric  chloride     CI)       '^  "  "      1  HO  )  ^^    sulphuric 

3.  Sulphuric  chlorhydraie,  or  CI )  j^  j  HO  I      '^*      acid. 
Chlorosulphonic  acid        HO) 

^.   Disulphuryl  chloride,  or  Cl'SOa  )  ^  HO'SO^  )  q  pyrosulphu- 

lyrosulphuric  chloride  CI-SOj  J       "  "  HOSO2  )     '     ric  acid. 

Thionyl  Chloride,  SOCl,.  molecular  weight  =1x8.96,  is  obtained  by  the 
action  of  phosphorus  pentachloride  upon  sodium  sulphite   - 

SO(  NaO)2 + 2PCl5= SOCI3 + 2POCI3  +  2NaCl. 

It  is  also  obtained  when  dry  sulphur  dioxide  is  passed  over  phosphorus 
p)enlachloride — 

SOa+ PCl8=SOCla+  POClj. 

PropertieB. — Thionyl  chloride  is  a  colourless  and  highly  refractive  liquid 
which  fumes  in  moist  air,  and  has  a  pungent  unpleasant  smell.  It  boils  at  78', 
and  is  at  once  decomposed  by  water  into  its  corresponding  oxyacid,  with  for- 
mation of  hydrochloric  acid — 

SOCla+2H20=  HaS08+ HCl. 

Sulphuryl  Chloride.  SOgCI^;  molecular  weight  =  134. 96.    This  compound 

(sometimes  known  as  chlorosulphuric  acid)  can  be  obtained  by  the  direct 

union  of  chlorine  and  sulphur  dioxide,  under  the  prolonged  influence  of  bright 

sunlight — 

S02+CL,=S03Cla. 

It   is  also  formed  by  the  action  of  heat  upon    sulphuric   chlorhydrate. 
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This  substance,  on  being  simply  heated  to  iSo*"  in  sealed  tubes  for  a  few  hours, 
breaks  up  into  sulphuryl  chloride  and  sulphuric  acid — 

2?,°}sO,=g}sO,+  J{g}sO^ 

Properties. — Sulphuryl  chloride  is  a  colourless  liquid,  which  fumes  in  moist 
air,  and  has  a  specific  gravity  of  1.66.  It  lx)ils  at  70^,  and  is  decomposed  by 
water,  with  formation  of  sulphuric  acid  and  hydrochloric  acid — 

Q  }sOa+2H20=2HCl+  h8  j^^a- 

SnlphTiric  CUorhydrate,  SOaCUHO).— This  compound  is  the  first  pro- 
duct of  the  replacement  of  the  (HO)  groups  in  sulphuric  acid  by  chlorine, 
and  is  formed  by  the  direct  combination  of  sulphur  trioxide  and  hydrochloric 
acid — 

S03  +  HC1=HC1S03  or  SOaCl(HO). 

It  may  be  obtained  by  distilling  sulphuric  acid  with  phosphorus  oxychloridc — 

2  hq}s02  +  POC13=2  Q^JsOa+HCl+HPOg. 

Or  by  passing  dry  gaseous  hydrochloric  acid  into  melted  pyrosulphuric  acid — 

H2S2O7  +  2HC1=  H2O + 2HC1S08. 

Properties. — Sulphuric  chlorhydrate  is  a  colourless  fuming  liquid,  having  a 
specific  gravity  of  1.76,  and  boiling  at  i49*'-isi'"',  with  partial  dissociation  into 
its  generators,  sulphur  trioxide  and  hydrochloric  acid.  In  contact  with  water 
it  is  decomposed  with  considerable  violence,  with  formation  of  sulphuric  and 
hydrochloric  acids — 


Cl^  }  SO.^  +  H2O = HCl  +  "q  }  SO2. 


Disidphuryl  Chloride  {.pyrosulphuric  chloride),  )^^\ }  O  or  SjOaC:^    This 

substance  is  obtained  by  the  action  of  sulphur  trioxide,  or  sulphtuic  chlor- 
hydrate, upon  phosphorus  pentachloride — 

2SO3  +  PCI5  =  POCl;,  +  S2O5CI2. 

2S02Cl(  HOi  +  PCl5= POClg  +  2HC1  +  S2O5CI2. 

It   is   also    produced    by   the    action    of   sulphur   trioxide   upon    sulphur 
dichloride — 

5SO3  -f  S2CL2=So05Cl2  -f  r)S02. 

Or  by  the  action  of  sulphur  trioxide  upon  sulphuric  chloride — 

CI  /  ^^'-i  +  ^^^a  -  CISO2  /  ^- 


u 
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Propertiefl.  Pyrosulphuric  chloride  is  a  heavy,  oily,  fuming  liquid,  resem- 
bling pyrohulphuric  acid  in  ap{)earance.  It  has  a  specific  gravity  of  1.819,  ^"^^ 
Ixjils  at  146*.  When  mixed  with  water  it  slowly  decomposes  into  sulphuric 
and  hydrochloric  acids,  showing  a  marked  difference  in  this  respect  from 
sulphuric  chlorhydralc— 

Sa05Clj+8HaO=2HaS04+2HCl. 

Compounds  of  Suumutr  with  Fluorink. 

Perfluoride  of  Salphur,  SF«. — This  compound  has  been  recently  obtained 
(Moissan)  by  pass'ng  fluorine  over  sulphur. 

Propertlefl. — Sulphur  p)erfluoride  is  a  colourless  inodorous  gas,  very  soluble 
in  water,  and  incombustible  in  air.     It  is  a  comparatively  inactive  compound. 

Thionyl  nuorlde.  SOFg,  is  obtained  by  the  action  of  fluorine  upon  thionyl 
chloride ;  also  by  the  action  of  arse»ic  trifluoride  upon  thionyl  chloride — 

2AsF3+3SOCla=3SOFo-l-  AsCl,. 

Properties. — Thionyl  fluoride  is  a  colourless  gas  which  fumes  strongly  in 
moist  air.     It  is  immediately  decomposed  by  water  - 

SOF2+H20=2HF+SOa. 


CARBON  DISULPHIDE. 

Formula,  CS,.     Molecular  weight  -76.12.     Vapour  density =38.06. 

History. — This  compound  was  accidentally  produced  by  Lam- 
padius  (1796)  when  heating  a  mixture  of  charcoal  and  pyrites. 

Mode  of  Formation. — Carbon  disulphide  is  prepared  by  passing 
the  vapour  of  sulphur  over  red-hot  charcoal,  when  the  two  elements 
unite  and  form  the  volatile  product,  which  is  condensed  in  vessels 
surrounded  with  cold  water — 

The  product  is  always  contaminated  with  free  sulphur,  which 
volatilises,  and  is  also  accompanied  by  considerable  quantities  of 
sulphuretted  hydrogen,  formed  by  the  action  of  sulphur  upon  the 
hydrogen  contained  in  the  charcoal. 

When  carbon  disulphide  is  prepared  on  a  manufacturing  scale, 
the  charcoal  is  heated  in  a  vertical  cast-iron  or  earthenware  retort, 
C  (Fig.  117),  having  an  elliptical  section,  and  provided  with  three 
openings.  The  retort  is  built  into  a  suitable  furnace,  whereby  it 
can  be  unifonply  heated  to  redness.  A  quantity  of  sulphur,  con- 
tained in  the  pot  S,  kept  liquid  by  the  heat   of  the  furnace,   is 
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allowed  to  enter  at  intervals  through  the  pipe  B.  As  the  vapour 
comes  in  contact  with  the  red-hot  charcoal,  combination  ensues, 
and  the  carbon  disulphide  escapes  through  the  pipe  D,  which  is 
inclined  to  the  retort  so  as  to  allow  condensed  sulphur  to  run  back. 
Sulphur  which  escapes  condensation  in  this  pipe,  collects,  for  the 
most  part,  in  the  vessel  £,  which  is  closed  by  water  seals,  as  seen 
in  the  figure.  The  volatile  compounds  are  then  passed  through  a 
Liebig's  condenser  about  30  ft.  long,  and  the  crude  disulphide  so 
condensed  is  collected  in  a  receiver.  Any  vapour  of  carbon  disulphide 

which  is  carried  on  by  the  sul- 
phuretted hydrogen  is  absorbed 
by  passing  the  gas  through  a 
scmbber  containing  oil ;  and 
finally  the  sulphuretted  hydrogen 
is  absorbed  in  a  lime  purifier, 
similar  to  those  employed  for  the 
purification  of  coal  gas.  The 
ashes  are  withdcawn  from  the 
retort  through  the  wide  tube  B  ; 
and  the  fresh  charcoal  is  intro- 
duced through  the  opening  A. 
In  order  to  prevent  the  escape 
of  the  unpleasant  and  injurious 
vapours  from  A  during  the  addi- 
tion of  fresh  charcoal,  the  opening 
A'  is  put  into  communication  with  the  chimney  of  the  furnace. 
The  sulphur  which  flows  back  into  the  retort  from  D  is  conveyed, 
by  means  of  the  pipe^J  nearly  to  the  bottom  of  the  mass  of  heated 
charcoal,  so  that  its  vapour  shall  once  more  be  made  to  pass  over 
the  carbon. 

At  the  present  day,  since  the  application  of  electrical  heating  to 
manufacturing  processes,  the  mixture,  instead  of  being  heated  from 
the  outside  by  fuel,  is  heated  inside  in  vessels  of  modified  form  by 
means  of  the  electric  arc. 

The  crude  product  is  purified  by  distillation  and  subsequent 
agitation  with  mercur>\ 

PPOpePties. — Carbon  disulphide  is  a  colourless,  mobile,  and 
highly  refracting  liquid.  When  perfectly  pure  it  possesses  a 
sweetish,  and  not  unpleasant,  ethereal  smell,  but  as  usually  met 
with  the  odour  is  decidedly  frttid. 

Its  specific  gravity  at  o"  is  1.292,  and  it  boils  at  46'.     The  vapour 


Fig.  117. 
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of  carbon  disulphide  has  a  very  low  igniting-point  (see  page  329). 
It  burns  with  a  blue  flame,  which,  when  fed  with  oxygen,  emits  a 
dazzling  blue  light.  When  carbon  disulphide  vapour  is  mixed 
with  three  times  its  volume  of  oxygen,  and  a  light  applied,  the 
mixture  explodes  with  violence  ;  the  products  of  the  combustion 
being  carbon  dioxide  and  sulphur  dioxide — 

The  vapour  of  carbon  disulphide,  when  constantly  inhaled  in 
small  quantities,  has  an  injurious  effect  upon  the  health,  and  if 
breathed  in  large  quantities  is  a  powerful  poison. 

When  heated  to  a  bright  red  heat,  carbon  disulphide  vapour  is 
decomposed  into  its  constituent  elements  :  on  this  account,  in  the 
manufacture  of  this  compound,  care  is  taken  that  the  temperature 
does  not  rise  too  high. 

The  vapour  of  carbon  disulphide  is  decomposed  by  potassium, 
which,  when  heated,  bums  in  the  vapour,  forming  potassium 
sulphide,  and  liberating  carbon — 

CSj+2Ka=C  +  2K55S.  * 

When  passed  over  heated  slaked  lime,  carbon  disulphide  vapour 
is  converted  into  carbon  dioxide  and  sulphuretted  hydrogen — 

CSj+2CaH20jj  =  2CaO  +  COa  +  2H3,S. 

This  reaction  is  made  use  of  for  converting  the  carbon  disul- 
phide, which  is  always  present  in  coal  gas,  into  the  two  easily 
removed  substances,  carbon  dioxide  and  sulphuretted  hydrogen. 

When  a  mixture  of  carbon  disulphide  vapour  and  sulphuretted 
hydrogen  is  passed  over  heated  copper,  marsh  gas  is  formed — 

4Cu  +  CS3,  +  2H2S  =  CH4+4CuS. 

Carbon  disulphide  is  soluble  to  a  minute  extent  in  water  ;  i 
volume  of  water  dissolves  .001  volume  of  this  liquid,  and  the 
solution  possesses  the  taste  and  the  smell  of  the  disulphide.  It 
mixes  in  all  proportions  with  alcohol,  ether,  the  hydrocarbons  of 
the  benzene  family,  and  most  essential  oils.  It  also  dissolves 
sulphur,  phosphorus,  iodine,  bromine,  caoutchouc,  and  most  fats  ; 
and  is  largely  used  in  the  arts,  both  as  a  solvent  for  caoutchouc 
and  in  extracting  essential  oils,  spices,  and  perfumes. 

Thiocarbonic  Acid. — Carbon  disulphide  is  the  sulphur  ana- 
logue of  carbon  dioxide,  CS^  ;  CO3.     Like  the  oxygen  compound. 
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it  forms  a  feeble  acid,  which  has  received  the  name  thiocarbonic 
acid,  H2CS3  ;  carbonic  acid,  HgCOg. 

The  thiocarbonates  are  produced  by  reactions  analo|(ous  to 
those  by  which  carbonates  are  formed.  Thus,  when  carbon  disul- 
phide  is  brought  into  contact  with  potassium  sulphide,  potassium 
thiocarbonate  is  obtained — 

Thiocarbonates  are  likewise  formed  by  the  action  of  carbon 
disulphide  upon  metallic  hydroxides — 

3CS5j+6KHO  =  2KaCS3  +  KX03+3HjO. 

The  acid  itself  is  obtained  as  a  yellow  oil,  having  an  unpleasant 
odour  by  the  decomposition  of  a  thiocarbonate  by  dilute  hydro- 
chloric acid. 

A  large  number  of  compounds  are  known  in  which  divalent 
sulphur  replaces  oxygen,  and  which  therefore  stand  in  the  same 
relation  to  the  oxygen  compounds  as  thiocarbonic  acid  stands  to 
carbonic  acid  ;  for  example — 

Thiocarbamic  acid,  CSgjNHj,  or  tto^  [  CS  ; 
Carbamic  acid,  CO^NHj,  or  uq^  f  CO. 

Other  Compounds  of  Carbon  and  Sulphur.— When  cartx>n  disulphide  is 
exposed  to  the  influence  of  light,  there  is  gradually  formed  uix>n  the  glass 
vessel  containing  it  a  brov^Ti  deposit,  which  is  believed  to  Ijc  carbon  mono- 
sulphide,  CS ;  the  sulphur  analogue  of  carlxDn  monoxide.  When  electric 
sparks  from  carbon  poles  are  passed  through  the  vapour  of  carbon  disulphide, 
or  whfu  the  electric  arc  is  produced  in  the  vapour,  an  offensive  smelling  liquid 
is  obtained,  which  exerts  a  most  irritating  and  tear-producing  effect  upon  the 
eyes.     'Hiis  liquid  has  been  shown  to  have  the  composition  C3S2.* 


SELENIUM. 

■ 
Symbol,  5^e.     Atomic  weight  =  79.  i.     Molecular  weight  =  158. 2. 

History.  Tliis  eUrnient  was  discovtrrod  by  Berzelius  (1817),  who  gave  it 
tlie  name  selenium  (signifying  the  moon)  on  account  of  its  close  analogy  with 
the  previously  divcovj-red  clement  tellurium  (signifying  the  earth). 

Occurrence.  Selenium  is  occasionally  met  with  associated  with  native 
sulphur,  proUibly  as  a  selenide  of  sulphur.     In  a  few  minerals  of  considerable 


*  Von  Lengyel,  1894. 
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rarity,  selenium  is  met  with  in  the  form  of  selenidcs  of  such  metals  as  mercury, 
Ir.ul,  silver.  It  occurs  in  very  small  quantities  in  a  large  number  of  metallic 
sulphides. 

Modes  of  FormatioiL— (i.)  When  pyrites  containing  selenium  is  employed 
in  the  manufacture  of  sulphuric  acid,  the  selenium  is  oxidised  by  tJ\e  atmos- 
pheric oxygen  into  selenium  dioxide,  which  is  carried  forward  with  the  sulphur 
dioxide.  Selenium  dioxide,  being  a  solid  substance,  is  partly  deposited  in  the 
flues,  and  in  the  Glover  tower,  and  partly  carried  forward  into  the  chambers, 
where  it  forms  a  rqd-coloured  deposit.  To  obtain  the  selenium,  either  the  flue 
(lust  or  the  chaml)er  deposit  is  first  boiled  with  dilute  sulphuric  acid,  and  either 
nitric  acid  or  potassium  chlorate  added,  in  order  to  oxidise  it  completely  into 
seienic  acid,  HjSeO^.  The  solution  is  then  boiled  with  strong  hydrochloric 
acid,  whereby  it  is  reduced  to  selenious  acid,  HjSeOs,  when  a  stream  of  sulphur 
dioxide  is  passed  through  it  which  precipitates  the  selenium  as  a  red  powder — 

H2Se03+2SO,+  H20=Se  +  2^12804. 

(2.)  A  second  method  for  the  preparation  of  selenium  from  the  chamber 
deposit  consists  in  digesting  the  substance  with  potassium  cyanide,  whereby 
it  is  converted  into  soluble  potassium  sclenocyanide,  SeK(CN).  On  the 
addition  of  hydrochloric  acid  to  this  solution,  the  element  is  precipitatwl  as  a 
red  amorphous  powder,  and  hydrocyanic  acid  and  potassium  chloride  go  into 
solution — 

ScK(CN)+Ha=Se+KCl  +  H(CNV 

PropertlM. — 5«lenium  is  known  in  various  allotropic  modifications. 

1.  Soluble  in  carbon  disulphide, — a.  Brick-red  amorphous  powder,  obtained 
by  precipitation  with  acids,  or  reduction  of  selenious  acid,  in  the  cold,  by  . 
sulphur  dioxide. 

/3.  Black  crystalline  powder,  obtained  by  reduction  of  hot  selenious  acid  by 
sulphur  dioxide. 

y.  Dark  red  translucent  monoclinic  crystals,  specific  gravity  4.5,  deposited 

from  solution  in  carbon  disulphide. 

d.  Black,  shining,  brittle  amorphous  mass,  having  a  conchoidal  fracture, 
and  a  specific  gravity  of  4.3,  obtained  by  rapidly  cooling  melted  selenium. 

2.  Insoluble  in  carbon  disulphide. — Black,  metallic-looking  cr\stalline  mass, 
liaving  a  granular  fracture.  Obtained  by  quickly  cooling  melted  selenium  to 
210"  and  keeping  it  for  some  time  at  that  temperature,  when  the  mass  solidifies 
with  rise  of  temperature  to  217*.  This  insoluble  variety,  sometimes  called 
metallic  selenium,  is  also  formed  as  a  deposit  of  minute  black  crystals,  when 
concentrated  solutions  of  sodium  or  potassium  selenide  are  exposed  to  the  nir. 

This  modification  has  a  specific  gravity  of  4.5,  and  melts  at  217". 

Selenium  boils  at  680*,  forming  a  dark-red  vapour  which  condenses  in  the 
form  oiJI covers  of  selenium^  having  a  scarlfet-red  colour. 

At  high  temperatures  the  vapour  of  selenium,  like  that  of  sulphur,  becomes 
a  true  gas  ;  thus  at  1420",  the  vapour-density  is  found  to  be  81.5,  approaching 
very  closely  to  the  normal  density  demanded  by  the  molecule  Se«j. 

"  Mrt.illic "  selenium  conducts  electricity,  and  the  element  exhibits  the 
roniarkablf*  proptTty  of  having  its  conductivity  increased  by  light  ;  the  con- 
ductivity of  selenium  when  expiosed  to  diffused  daylight  being  about  twice  as 
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great  as  when  in  the  dark.  This, alteration  in  the  electrical  resistance  with 
varying  intensities  of  light,  is  a  property  of  selenium  that  was  made  use  of  ia 
the  construction  of  an  instrument  known  as  the  photophone,  but  it  has  not  as 
yet  been  put  to  any  practical  use.  When  selenium  is  heated  in  the  air.  it 
bums  with  a  blue  flame,  with  the  formation  of  selenium  dioxide,  and  at  the  same 
time  emits  a  powerful  and  characteristic  smell  resembling  rotten  horse-radish. 

When  selenium  is  heated  in  a  tube  filled  with  an  indifferent  gas,  it  sublimes 
in  the  form  of  a  red  deposit ;  but  when  heated  in  hydrogen,  the  sublimate  is  in 
the  form  of  black  shining  crystals.  The  formation  of  these  crystals  is  due  to 
the  fact  that  selenium  combines  with  the  hydrogen,  and  the  hydrogen  selenide 
is  again  decomposed  by  the  heat. 

Rj6xog9D.S%l9Didb{se/enureiied hydrogen),  H^Se  ;  molecular  weight =8x.  13. 
Hydrogen  selenide  is  formed  when  selenium  is  heated  in  hydrogen. 

This  compound  is  also  obtained  by  the  action  of  dilute  hydrochloric  or  sul- 
phuric acid  upon  either  potassium  selenide  or  ferrous  selenide — 

FeSe  +  H2SO4 = FeS04  +  H./^. 

Propertlei. — Hydrogen  selenide  is  a  colour le.ss  gas,  strongly  resemUing 
sulphuretted  hydrogen,  both  in  its  smell  and  in  its  chemical  behaviour.  It  is 
readily  soluble  in  water,  and  when  passed  through  metallic  solutions  precipi- 
tales  insoluble  selenides  of  most  of  the  heavy  metals.  Hydrogen  selenide 
burns  with  a  blue  flame,  with  the  production  of  water  and  selenium  dioxide. 
Its  smell,  although  re'-embling  that  of  its  sulphur  analogue,  is  more  unpleasant. 
and  its  eflects  upon  the  system  are  more  p>ersistent  and  injurious.  A  single  small 
bubble  inhaled  through  the  nostril  produces  temporary  paralysis  of  the  olfac- 
tory ncrws,  accompanitrd  by  inflammation  of  thr  mucous  meml>rane. 

No  cuni{>oun(l  of  s«*lenium  corrospondlng  to  hydrotjcn  disulphide  is  known. 

Compounds  with  Hal(x;rns. 

Diselenium  Dichloride,  Sc/Mo,  is  obtained  by  passing  chlorine  over 
selenium,  or  by  |>assing  gasrous  hydrochloric  acid  through  a  solution  of 
selenium  in  nitric  acid. 

Properties.  — Selenium  chloride  is  a  brown  oily  liquid,  in  which  selenium 
itself  is  rearlily  soluble,  and  from  which  the  elemrnt  is  deposited  in  the  form 
which  is  insoluble  in  carbon  disulphide.  It  is  slowly  decomposed  by  water, 
thus  - 

2Se2Cl2  +  3H.p=H.jSe03  +  :iSM  4H('l. 

('on«*siM)n(ling  bromine  and  iodine  comp>ounds  are  known,  Se^Br^,  and 
Si'.jl.j. 

Belenitim  Tetrachloride,  St-(\,  is  prepared  either  by  the  action  of  chlorine 
U|)on  .s«*li*nium  chloride — 

Sr.^('U  +  3CL,=2St^Cl4. 

or  by  heating;  ;\  mixture  of  selenium  dioxide  and  phosphorus  pentachloride — 

:is»(\ H  ;u »( \ -- .^v(:l^ + p.,05 + pol\^ 

Properties.-  Selenium  tetrachloride  is  a  white,  crystalline,  volatile  com- 
pound ;  which  may  lx>  sublimed  without  decomposition  and  without  fusion. 
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When  the  vapour  is  heated  above  200**  it  begins  to  dissociate  into  selenium 
and  ohlorine.  It  dissolves  in  water,  with  decomposition  into  hydrochloric  and 
selt'nious  acids — 

Sea4+3HaO=4HCl  +  HaSeOa. 

Corresponding  bromine  and  iodine  compounds  are  known,  SeRr4  and  Sel4. 


Oxides  and  Oxyacids  op  Selenium. 

Only  one  oxide  of  selenium  is  known,  namely,  selenium  dioxide,  SeOj, 
although  a  second  oxide  of  unknown  composition  is  believed  to  exist,  and  to 
constitute  the  peculiar  smelling  substance  which  is  always  formed  when 
selenium  is  burnt  in  the  air. 

Selenimn  IMoxide  is  prepared  by  burning  selenium  in  a  stream  of  oxygen 
in  a  glass  tube ;  the  element  bums  in  the  gas  with  a  blue  flame,  and  the  oxide 
condenses  upon  the  distant  portions  of  the  tube,  as  a  white  crystalline  deposit. 

Propertlei.  —Selenium  dioxide  crystallises  in  long  white  prisms,  which  when 
heated  readily  sublime  without  passing  through  the  state  of  liquidity.  It  dis- 
solves in  water  and  gives  rise  to  selenious  acid. 

The  following  oxyacids  of  selenium  are  known — 

Selenious  acid,  HgSeOs,  corresponding  to  sulphurous  acid,  HjSOa. 
.Selenic  acid,  HaSeO^,  corresponding  to  sulphuric  acid,  H2SO4. 
Selenosulphuric  HO  )  *.>-.       corresponding  (  thiosulphuric  HO  )  »,^ 
acid  HSeT^'  to  )         acid,  HS /'     *" 

SelenioilB  Add.  H^SeOj.  is  obtained  as  a  white  crystalline  compound,  when 
the  dioxide  is  dissolved  in  hot  water,  and  the  solution  allowed  to  cool.  The 
acid  is  riilxisic,  and  forms  both  acid  and  normal  selenites,  corresponding  to 
the  sulphites :  it  also  forms  a  series  of  so-called  superacid  salts,  containing  a 
molecule  of  the  acid  salt  combined  with  a  molecule  of  acid,  thus — 

HKSeOs,HaSeOj,. 

Selenic  Add,  H2Se04. — This  acid  is  best  prepared  by  the  addition  of 
bromine  to  silver  selcnite  suspended  in  water,  when  insoluble  silver  bromide  is 
formed  and  selenic  acid  is  left  in  solution — 

Ag2Se03+  H2O+  Br2=2AgBr+  H2Se04. 

The  solution  may  !«  evaporated  by  heating  until  it  contains  94  per  cent,  of 
selenic  acid,  and  still  further  evaporated  in  vacuo  until  it  reaches  97.4  per  cent., 
when  its  sjx'cific  gravity  is  2.627.  When  heated  to  280"  it  decomposes  into 
selenium  dioxide,  water,  and  selenium. 

Properties.  -Selenic  acid  in  its  most  concentrated  condition  is  a  colourless, 
strongly-acid  liquid,  which  mixes  with  water  with  the  development  of  con- 
siderable heal.  It  dissolves  iron  and  zinc  with  evolution  of  hydrogen  ;  and  when 
heated  dissolves  copper  with  formation  of  selenious  acid. 

The  selenates  closely  resemble  the  sulphates.      Barium  selenate,  like  the 
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sulphate,  is  quite  insoluble  in  water,  but  differs  from  that  compound  in  being 
converted  by  boiling  hydrochloric  acid  into  barium  selenite,  which  is  soluble. 

Selenium  also  forms  .a  compound  with  oxygen  and  chlorine,  selenium  oxy- 
chloride,  or  selenyl  chloride,  SeOCLj,  corresponding  with  thionyl  chloride, 
SOCLj. 

TELLURIUM. 

Symbol,  Te.     Atomic  weight* =127.6. 

Occurrence. — In  the  free  state  small  quantities  of  this  element  hav«  been 
foimd  as  crystals,  consisting  of  almost  pure  tellurium.  In  combination  it  is 
met  with  in  a  few  rare  minerals,  such  as  telluriU  (TeOg),  and,  more  commonly, 
tetradymitc  (Bi.jTea).  Some  specimens  of  pyrites  contain  small  quantities  of 
this  element,  hence  it  is  found  in  the  deposit  from  the  vitriol  chambers,  from 
which  selenium  is  obtained. 

Mode  of  FormatloiL— Tellurium  is  obtained  from  bismuth  telluride,  Bi^Tc), 
by  fusion  with  an  intimate  mixture  of  sodium  carlx)nate  and  carbon.  The 
mass  on  treatment  with  water  yields  a  solution  containing  a  mixture  of  sodium 
telluride  and  sodium  sulphide,  which  on  exposure  to  the  air  deposits  tellurium 
as  a  grey  powder.  The  element  is  purified  by  distillation  in  a  stream  of 
hydrogen. 

PropertieB.— Tellurium  is  a  bluish- white,  silver-like  solid,  possessing  metallic 
lustre.  It  conducts  heat  and  electricity,  although  badly,  and  is  very  brittle. 
Its  sjjecific  gravity  is  6.26,  and  it  melts  at  452''.  Wiien  melted  tellurium  is 
slowly  cooled,  it  forms  rhonilx)hcdral  crystals.  When  heated  in  the  air  it  bums 
with  a  blue  flame,  and  forms  telUir'um  dioxide,  TeO.2.  When  heated  in  a 
sealed  tube  with  hydrogen,  tellurium  sublimes  in  the  form  of  brilliant  prismatic 
crystals. 

Hydrogen  Telluride  {tellu retted  hydrogen),  HoTe.  —  When  tellurium 
is  heated  in  hydrogen  the  elements  combine,  forming  hydrogen  telluride, 
which  exhibits  the  same  phenomenon  as  is  shown  by  selenuretted  hydrogen, 
of  being  docomjiosed  by  heat,  and  depositing  the  element  as  a  crystaHine 
sublimate. 

Hydrogen  telluride  is  obtained  by  the  action  of  hydrochloric  acid  upon  zinc 

telluride — 

ZnTe  +  2HC1 = ZnCU  +  HgTe. 

Properties.  —  Hydrogen  telluride  is  a  most  offensive  smelling  and  highly 
poisonous  gas.  It  Ijehaves  like  sulphuretted  hydrogen  in  precipitating  metals 
from  solutions.  It  is  soluble  in  water,  and  the  solution  gradually  abs<»-bs 
oxygen  and  deposits  tellurium. 


*  Various  nunilx-rs  have  been  obtained  by  different  observers  for  the 
atomic  weight  of  tellurium.  Some  of  these  numbers  arc  higher  than  the  atomic 
weight  of  iodine,  which  would  make  it  impossible  to  give  to  tellurium  a  p>osi- 
tion  l)etween  antimony  (atomic  weight  =  i2o)  and  iodine  (atomic  weight= 
126.85)  as  demanded  by  the  ptrriodie  law.  Brauner,  who  has  spent  many 
years  investigating  this  point,  considers  that  hitherto ///;-tf  tellurium  has  never 
been  obtained.     The  most  recent  dftermin.itions  give  the  number  127.6. 


Telluric  Acid  449 

Compounds  with  the  Halogens. 

Two  chlorides  of  tellurium  are  known,  namely,  tellurium  dichloride,  TeClj, 
and  tellurium  tetrachloride,  TcCl^.  It  will  be  noticed  that  the  composition  of 
the  dichloride  is  not  analogous  with  the  lower  chloride  of  either  selenium 
(Sc^Clj)  or  sulphur  (S^Clj). 

Two  bromides,  TeBrg  and  TeBr4,  and  corresponding  iodides  are  known. 

Oxides  and  Oxyacids  op  Tellurium. 

Two  oxides  of  tellurium  are  known  with  certainty,  namely,  tellurium  dioxide, 
TeOa,  and  tellurium  trioxide,  TeOj,  which  give  rise  respectively  to  the  two 
acids,  tellurous  acid,  H^TeOg,  and  telluric  acid,  n2Te04. 

TellurOTiB  Add  is  obtained  by  pouring  a  solution  of  tellurium  in  nitric  acid 
into  an  excess  of  water.  The  acid  is  precipitated  as  a  white  amorphous 
powder.     When  strongly  heated  it  is  converted  into  the  dioxide  and  water. 

Tellurous  acid,  like  sulphurous  acid,  is  dibasic,  and  gives  rise  to  both  acid 
and  normal  salts :  thus,  with  potassium  it  forms  hydrogen  potassium  tellurite, 
HKTeOs,  and  dipotassium  tellurite,  K^TeOj.  It  also  forms  superacid  salts 
such  as — 

Quadracid  potassium  tellurite      .        .        .     HKTeOj.HaTeOj. 
Potassium  tetratellurite        ....     KaTeOj.STeOa. 

Telluric  Add  is  prepared  by  fusing  either  tellurium  or  tellurium  dioxide 
with  a  mixture  of  potassium  nitrate  and  carbonate — 

Te,  +  KjCOj + 2KNOj = 2K  jTe04  +  N, + CO. 

The  fused  mass,  after  solution  in  water,  is  mixed  with  a  solution  of  barium 
chloride,  which  precipitates  barium  tellurate ;  this  is  then  decomposed  by  the 
addition  of  the  exact  amount  of  sulphuric  acid,  and  after  filtration  the  clear 
solution  deposits  crystals  of  telluric  acid,  H,Te04,2H,0.  When  these  crystals 
are  heated  to  160**  the  water  is  expelled,  and  the  anhydrous  acid  in  the  form  of 
a  white  powder  is  left.  On  strongly  heating,  telluric  acid  decomposes  into 
water  and  tellurium  trioxide.  which  at  a  higher  temperature  splits  up  into  the 
dioxide  and  oxygen. 

Like  tellurous  acid,  telik'ic  acid  forms  not  only  normal  and  acid  salts,  but  a 
number  of  more  complex  superacid  salts- 
Normal  potassium  tellurate         .         .  K,Te04,5HaO. 
Hydrogen  potassium  tellurate              .              HKTe04. 
Quadracid  potassium  tellurate    .                      K,Te04,H5Te04,3H,0. 
Potassium  tetratellurate      ....     K,Te04,3H,Te04.Ha0. 
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CHAPTER  III 
THE  ELEMENTS  OP  GROUP  V.  {PAMILY  B.) 


Nitrogen,  N 

.     14.04 

Antimony,  Sb    . 

lao 

Phosphorus,  P . 

.     31.0 

Bismuth,  Bi 

.     ao8.5 

Arsenic,  As 

•     75-0 

In  this  family  of  elements  we  have  a  gradual  transition  from  the 
non-metals  to  the  metals.  Nitrogen  and  phosphorus  may  be  con- 
sidered as  typical  non-metallic  elements,  both  as  regards  their 
physical  and  chemical  properties.  The  third  member,  arsenic, 
begins  to  exhibit  metalline  properties  ;  its  specific  gravity  is  more 
than  three  times  as  high  as  that  of  phosphorus,  and  it  possesses 
considerable  metallic  lustre ;  arsenic  is  called  a  metalloid  on  this 
account.  Antimony  is  still  more  metallic  in  its  character,  possess- 
ing most  of  the  physical  attributes  of  a  true  metal,  while  in  bismuth 
all  non-metallic  properties  cease  altogether  to  exist. 

All  these  elements  form  more  than  one  compound  with  oxygen, 
of  which  the  following  may  be  compared — 

N A ;  (i'-P3)i ;  (As^o^)., ;  sb,03 ;  Bip^. 

N,0, ;  P,04 ;  -  Sb,04 ;  Bi,04. 

N.Os  ;  ^'i^\  ;       As,0,  ;       Sb,0,  ;  Bi.Og. 

The  oxides  (which  in  the  case  of  nitrogeir  and  phosphorus  are 
strongly  acidic  in  their  nature,  combining  with  water  to  form  acids) 
gradually  become  less  and  less  acidic  and  more  basic  as  the  series 
is  traversed. 

Thus,  nitrogen  pentoxide,  N.,0.-,  unites  violently  with  water  to 
form  nitric  acid,  which  with  bases  yields  nitrates.  Antimony  pent- 
oxide  is  insoluble  in  water,  and  no  antimonicacid  has  been  isolated, 
although  its  salts,  the  antimonates,  are  known.  The  oxides  of 
antimony,  on  the  other  hand,  begin  to  exhibit  basic  properties  and 
unite  with  acids,  fomiing  salts  in  which  the  antimony  functions  as 

the  base. 
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In  the  case  of  the  last  element  the  acidic  nature  of  the  oxides  is 
entirely  lost ;  no  bismuth  compounds  being  known  corresponding 
to  antimonates  or  arsenates,  while  these  oxides  unite  with  acids  in 
the  capacity  of  bases,  giving  rise  to  bismuth  salts. 

Four  of  the  elements  of  this  group  unite  with  hydrogen,  forming 
similarly  constituted  compounds,  NH3,  PHj„  AsHg,  SbHg. 

The  stability  of  these  compounds  gradually  decreases  as  we  pass 
from  nitrogen  to  antimony.  Antimony  hydride  has  never  been  ob- 
tained free  from  other  gases,  while  no  similar  bismuth  compound  is 
known.  Ammonia  is  alkaline  and  strongly  basic,  and  unites  readily 
with  acids  to  form  ammonium  salts.  Phosphorus  hydride  has  no 
alkaline  character,  and  is  only  feebly  basic.  It  combines,  however, 
with  the  halogen  acids  to  form  phosphonium  chloride,  bromide, 
and  iodide,  PH4CI,  PH4Br,  PH4I,  analogous  to  ammonium  chloride, 
bromide,  and  iodide.  The  hydrides  of  arsenic  and  antimony  ex- 
hibit no  basic  character.  All  the  elements  of  this  group  unite  with 
chlorine,  giving  rise  to  the  compounds — 

NCI3,  PCI3,  AsCl,,  SbCls,  BiClg, 

which  also  exhibit  a  gradation  in  their  properties ;  thus,  nitrogen 
trichloride  is  an  extremely  unstable  liquid,  exploding  with  extra- 
ordinary violence  upon  very  slight  causes,  while  the  antilogous 
bismuth  compound  is  a  perfectly  stable  solid. 

The  boiling-points  of  these  compounds  show  a  gradual  increase 
with  the  increasing  atomic  weight  of  the  element ;  thus,  nitrogen 
chloride  boils  at  71°,  phosphorus  trichloride  at  78",  arsenic  tri- 
chloride at  130.2',  and  antimony  trichloride  at  200°. 

The  elements  arsenic,  antimony,  and  bismuth  are  isomorphous, 
and  their  corresponding  compounds  are  also  isomorphous. 

The  first  member  of  this  family,  namely,  nitrogen,  has  been 
already  treated  in  Part  II.  as  one  of  the  four  typical  elements 
studied  in  that  section  of  the  book.  It  occupies  a  position  in 
relation  to  the  other  members  of  the  family  very  similar  to  that  of 
oxygen  towards  sulphur,  selenium,  and  tellurium. 

PHOSPHORUS. 

Symbol,  P.     Atomic  weight =31.0.     Vapour  density— 62.0. 

Molecular  weight =124.0. 

History.— Phosphorus  was  first  discovered  by  the  alchemist 
Brand  of  Hamburg  (1669),  who  obtained  it  by  distilling  a  mixture 
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of  sand  with  urine  which  had  been  evaporated  to  a  thick  syrup. 
The  process,  however,  was  kept  secret  Robert  Boyle  (1680)  dis- 
covered the  process  of  obtaining  this  element,  but  the  method  was 
not  published  till  after  his  death.  Until  the  year  1771,  when 
Scheele  published  a  method  by  which  phosphorus  could  be  ob- 
tained from  bone  ash,  this  element  was  looked  upon  as  a  rare 
chemical  curiosity.  The  name  phosphorus  was  not  first  coined  for 
this  element :  it  had  been  in  previous  use  to  denote  various  sub- 
stances known  at  that  time,  which  had  the  property  of  glowing  in 
the  dark.  To  distinguish  the  element  it  was  called  Bramfs  pkos" 
phorus,  or  English  phosphorus. 

Occurrence. — Phosphorus  has  never  been  found  in  nature 
in  the  free  state.  In  combination  with  oxygen  and  metals,  as 
phosphates,  it  is  very  widely  distributed,  especially  as  calcium 
phosphate.  The  following  are  some  of  the  commonest  natural 
phosphates — 

Sombrerite,  or  estramadurile      .     QB.jiVO^^ 

Apatite 3Ca3(P04)2,CaCl2. 

Wavellite 2Al^P04).^Ali(HO)^9H,0. 

Calcium  phosphate  is  present  in  all  fertile  soils,  being  derived 
from  the  disintegration  of  rocks  :  the  presence  of  phosphates  in 
soil  has  been  shown  to  be  essential  to  the  growth  of  plants.  From 
the  vegetable  it  passes  into  the  animal  kingdom,  where  it  is  chiefly 
present  in  the  urine,  brain,  and  bones.  Bones  contain  about  60 
per  cent,  of  calcium  phosphate,  to  which  they  entirely  owe  their 
rigidity. 

Mode  of  Formation* — Manufacture,  The  chief  source  of 
phosphorus  is  bone  ash,  a  material  obtained  by  burning  bones, 
and  which  consists  of  nearly  pure  calcium  phosphate,  Ca3(P04)j. 
Other  varieties  of  calcium  phosphate,  such  as  sombrerite  and 
apatite,  are  also  employed,  as  well  as  phosphates  of  other  metals, 
such  as  the  Redonda  phosphates,  which  consist  of  phosphates  of 
iron  and  alumina.  The  bone  ash,  in  fine  powder,  is  first  decom- 
posed by  means  of  sulphuric  acid,  specific  gravity  1.5  to  1.6.  This 
operation  is  performed  in  large  circular  wooden  vessels,  resem- 
bling a  brewer's  "  mash  tun,"  provided  with  an  agitator,  and  into 
which  high  pressure  steam  can  be  driven.  Finely-ground  bone  ash 
and  sulphuric  acid,  in  charges  of  a  few  cwts.  at  a  time,  are  alter- 
nately stirred  into  the  decomposer,  until  from  four  to  five  tons  of 
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phosphate  have  been  introduced,  with  sufficient  acid  to  con\'ert  the 
v'hole  of  the  lime  into  calcium  sulphate,  according  to  the  equa- 


Caj(PO0a+3H,SO,=1CaSO,+2HjI'O,. 


The  contents  of  the  dccomptoscr  are 
tanks,  and  the  phosphoric  acid  is  then 
large  lead-hned  pans  through  which  steam-coits  pass 
being  constantly  agitated  by  a  mechanical  stirrer. 

The  concentrated  liquor  is  next  nii>^ed,  either  with 
with   coarsely -ground    charcoal,  or  coke,  and  the  mixture  i 
pictely  dried  by  being  heated  in  a  cast-iron  pot,  or  in  a  iiiuffie. 


I  filterinj( 
syrup,  in 


■■dust,  I 


dull  red  heat.  During  this  process  the  tribasic  phosphoric  acid 
(or  orthophosphoric  acid),  HjPO,,  is  converted  by  loss  of  water 
into  melaphosphoric  acid,  HPOj  — 

H,PO,=H,0  +  HPOj. 

The  charred  mixture  is  then  distilled  in  botile-sh.iped  retorts  of 
.Stourbridge  clay,  about  3  feet  long,  and  having  an  internal  diameter 
of  S  inches.  A  number  of  these  retorts,  usually  twenty-four,  are 
arranged  in  two  tiers,  in  a  galley  furnace,  as  seen  in  section  in  Fig. 
1 1 8.  The  empty  retorts  are  first  gradually  raised  to  a  bright  red 
heat,  and  a  charge  of  the  mixture  is  then  quickly  introduced.    Bent 
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pieces  of  2-inch  malleable  iron  pipe  are  ihen  luted  into  the 
mouths  of  the  retorts  connecting  them  with  the  pipes,  D  D'. 
These  pipes  dip  into  troughs  of  water,  E  E',  which  run  along  the 
entire  length  of  the  furnace,  and  in  which  the  phosphorus  con- 
denses. The  temperature  of  the  furnace  is  then  raised  to  a  white 
h-Mt,  when  decomposition  of  the  meiaphosphoric  acid  commences, 
and  phosphorus  begins  lo  distil  over.  The  process  is  continued 
for  about  sixteen  hours.  The  change  that  goes  on  is  mainly 
represented  by  (he  following  equation—' 

4HI'03  +  12C  =  12CO  +  2Hj  +  4P. 

The  crude  product,  which  is  usually  dark  red  or  black  in  appeal^ 


ancc,  is  first  melted  under  hot  water  and  thoroughly  stirred,  in 
order  Hi  allow  the  greater  part  of  the  rougher  suspended  matters  to 
rise  to  the  surface.  The  mass  is  then  allowed  to  resolidify.  The 
exact  priH:esses  by  which  phosphorus  is  further  purified  on  a  manu- 
facturing scale  arc  guarded  as  trade  secrets  ;  one  method  that  has 
Ix^en  in  u«;  consists  in  treating  the  phospliorus  while  melted  under 
water  with  a  mixture  of  jHitassium  dicUromate  and  sulphuric  acid, 
whereby  some  of  the  impurities  are  oxidised  and  others  arc  caused 


Phosphorus 


455 


to  rise  to  the  surface  as  a  scum,  leaving  the  phosphorus  as  a  clear 
liquid  beneath. 

Since  the  advent  of  the  electric  furnace,  phosphorus  is  now  being 
manufactured  direct  from  calcium  phosphate  by  a  process  which 
threatens  to  entirely  supersede  the  method  of  distillation  already 
described.  The  calcium  phosphate  is  mixed  with  carbon  and 
simply  heated  in  the  electric  furnace.  At  the  high  temperature  of 
the  electric  arc  the  calcium  phosphate  is  decomposed,  the  calcium 
uniting  with  the  carbon  to  form  calcium  carbide,  while  the  phos- 
phorus in  the  state  of  vapour  escapes  along  with  carbon  monoxide 
by  the  pipe  P  (Fig.  1 19),  and  is  condensed  in  suitable  condensers — 

C^3(P04)jj  +  14C  =  3CaC2+ 2P  +  SCO. 

The  molten  calcium  carbide  is  tapped  off  from  the  furnace  from 


Fig.  120. 


.  J  ff' 


time   to  time  as  fresh  charges  of   phosphate   and  carbon  are 
jntHKluced. 

Phosphorus  usually  comes  into  commerce  either  in  the  form  of 
wedges  or  as  sticks.  The  operation  of  casting  the  phosphorus  into 
sticks  is  performed  beneath  water.  A  quantity  of  phosphorus 
beneath  a  shallow  layer  of  water  is  placed  in  the  vessel  C  (Fig.  1 20), 
which  is  contained  in  a  tank  of  water  through  which  a  steam-coil 
passes.  Connected  to  the  phosphorus  reservoir  is  a  glass  tube,  G, 
which  passes  into  a  second  shallow  tank  of  cold  water.  On  open- 
ing the  cock  D,  the  liquid  phosphorus  flows  into  the  cold  glass  tube 
where  it  congeals,  and  it  may  then  be  drawn  through  as  a  continuous 
rod  of  phosphorus  if  care  be  taken  not  to  draw  it  out  faster  than  it 
solidifies.  It  is  the  custom  to  adopt  a  uniform  length  and  thick- 
ness of  stick,  namely,  ^\  inches  long  and  \  inch  diameter.  Nine 
such  sticks  weigh  I  lb. 

Properties. — When  freshly  prepared  and  kept  in  the  dark, 
phosphorus  is  a  translucent,  almost  colourless,  wax-like  solid. 
Even   in  the  dark  it  soon  loses  its  transparency  and  becomes 
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coated  with  an  opaque  white  film  ;  while  if  exposed  to  the  light 
the  film  that  forms  becomes  first  yellow,  then  brown,  and  in  time 
the  phosphorus  assumes  a  red  and  even  a  black  colour  throughout 
its  entire  mass.  Its  specific  gravity  at  16°  is  1.82.  At  o**  phos- 
phorus becomes  moderately  brittle,  and  a  stick  of  it  may  be  readily 
snapped,  when  its  crystalline  character  will  be  seen.  At  15°  it 
becomes  soft,  and  may  be  cut  with  a  knife  like  wax.  Phosphorus 
melts  under  water  at  43.3',  and  the  liquid  exhibits  the' property  of 
suspended  solidification.  If  the  melted  material,  which  has  been 
cooled  below  its  solidifying  point,  be  touched  with  a  fragment  of 
phosphorus  upon  the  end  of  a  capillary  glass  tube,*  the  mass 
instantly  congeals  with  rise  of  temperature.* 

Phosphorus  contained  in  a  closed  vessel  without  water  melts 
at  as  low  a  temperature  as  3o'',t  and  when  heated  in  air  to  34*  it 
takes  fire.  At  a  temperature  of  269''  phosphorus  boils  and  forms 
a  cAlourless  vapour. 

Phosphonis  is  volatile  at  ordinary  temperatures  :  if  a  small 
quantity  of  phosphonis  be  sealed  in  a  vacuous  tube,  and  the  tube 
be  placed  in  the  dark,  the  phosphorus  will  slowly  vaporise  ;  and  if 
one  end  of  the  tube  be  kept  slightly  cooler  than  the  rest,  the  phos- 
phorus will  sublime  upon  that  part  in  the  form  of  brilliant,  colour- 
less, and  highly  refnicting  rhombic  crystals,  which  retain  their 
beauty  as  long  as  they  are  kept  in  the  dark.  The  density  of 
the  vapour  of  phosphorus  is  62.0,  giving  a  molecular  weight  of 
124.0,  which  is  four  times  the  atomic  weight,  showing  that  the 
molecule  of  phosphorus  contains  four  atoms.  Even  at  temperatures 
as  high  as  1040"  these  telratomic  molecules  are  stable,  but  it  has 
been  shown  that  at  high  temperatures  dissociation  begins  to  take 
place. 

On  account  of  its  ready  Inflammability,  phosphorus  is  always 
preserved  under  water,  which  exerts  practically  no  solvent  action 
upon  it.  It  is  extremely  soluble  in  carbon  disulphide,  i  part  of  this 
liquid  dissolving  9.26  parts  of  phosphorus.  On  evaporation,  the 
clement  is  deposited  in  the  form  of  colourless  crystals.  Phosphorus 
is  also  soluble,  but  to  a  less  extent,  in  chloroform,  benzene,  turpen- 
tine, alcohol,  olive  oil,  and  nirmy  other  solvents.  A  solution  of 
phosphorus  in  carbon  disulphide,  when  allowed  to  evap>oratc  upon 
a  piece  of  blotting-paper,  leaves  the  element  in  so  finely  divided  a 
condition,  that  its  rapid  oxidation  almost  immediately  raises  the 

*  Sec  "Chemical  Lecture  Kx  peri  men  ts,"  new  ed.,  Nos.  528,  529, 
f  keadnian. 
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temperature   to  the   ignition  point  of  the  phosphorus,   when   it 
takes  fire. 

On  exposure  to  moist  air  in  the  dark,  phosphorus  appears  faintly 
luminous,  emitting  a  pale  greenish-white  light,  and  at  the  same 
time  evolving  white  fumes  which  possess  an  unpleasant,  garlic-like 
smell,  and  are  poisonous.  These  fumes  consist  mainly  of  phos- 
phorus oxide,  PiOg,  and  the  glowing  of  the  phosphorus  is  the 
result  of  its  oxidation  ;  phosphorus  does  not  glow  when  placed 
in  an  inert  gas  which  is  perfectly  free  from  admixed  oxygen, 
although  the  presence  of  very  small  traces  of  free  oxygen  in  siich  a 
gas  is  sufficient  to  cause  the  phosphorescence.  At  a  few  de- 
grees below  0°,  phosphorus  ceases  to  glow  in  the  air.  Although 
the  glowing  is  due  to  oxidation,  phosphorus  does  not  appear 
luminous  in  pure  oxygen  at  temperatures  below  about  15**.  If, 
therefore,  a  stick  of  phosphorus  which  is  glowing  in  the  air, 
be  immersed  in  a  jar  of  oxygen,  its  phosphorescence  is  at  once 
stopped.  If,  however,  the  oxygen  be  slightly  rarefied,  the  phos- 
phorus again  becomes  luminous.  Similarly,  the  phosphorescence 
that  is  exhibited  in  air  is  stopped  if  the  air  be  compressed.*  The 
glow  of  phosphorus  is  believed  to  be  associated  with  the  formation 
of  ozone,  for  the  presence  in  the  air  of  traces  of  such  gases  and 
vapours  as  ethylene,  turpentine,  or  ether,  which  are  known  to 
possess  the  power  of  destroying  ozone,  at  once  stops  the  glowing 
of  a  stick  of  phosphoms. 

Phosphorus  is  incapable  of  uniting  with  oxygen  if  the  gas  be 
perfectly  pure  and  free  from  aqueous  vapour.  It  has  been  shown 
that  in  oxygen  which  has  been  dried  by  prolonged  exposure  to  the 
desiccating  action  of  phosphorus  pentqxide,  phosphorus  may  not 
only  be  melted,  but  even  distilled,  without  any  combination  with 
the  oxygen  taking  place. 

If  water,  beneath  which  is  a  small  quantity  of  melted  phosphorus, 
be  boiled,  the  phosphorus  vaporises  with  the  steam,  and  renders 
the  steam  luminous  :  use  is  made  of  this  property,  as  a  means 
of  detecting  free  phosphorus,  in  toxicological  analysis. 

Phosphorus  is  a  powerfully  poisonous  substance  ;  in  large  doses 
it  causes  death  in  a  few  hours,  in  smaller  quantities  it  produces 
stomachic  pains  and  sickness,  usually  ending  in  convulsion. 
Persons  constantly  exposed  to  the  vapours  arising  from  the  hand- 
ling of  phosphorus,  either  in  its  manufacture  or  in  the  manufacture 
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of  matches,  arc  very  liable  lo  suffer  from  caries  of  the  bones  of  ihr 
jaw  and  nose  ;  it  is  believed  tbat  this  injurious  effect  is  caused  by 
the  while  fumes  which  are  the  product  of  oxidation,  and  not  bv 
tlic  actual  vapour  of  phosphorus. 

Red  Phosphorus. —When  phosphorus  is  heated  to  a  tempera- 
ture between  340°  and  3jo°,  out  of  contact  with  air,  it  passes  into 
an  allotropic  modification.  The  same  transformation  takes  place 
when  phosphorus  is  heated  to  200°  with  an  exlrcmely  small  pro- 
portion of  iodine. 

Red  phosphorus  is  manufactured  by  heating  ordinary  phospboras 


in  a  cast-iron  pot.  provided  wiih  a  cover,  ihroui;h  which  passes  a 
short  o|)on  pipe,  D  {Fij;.  I3i).  The  pit  is  carefully  and  uniformly 
healc<l  to  lietwecu  340  and  350%  as  indicated  by  the  thermometers 


from  atlarkintj  the  fjluss. 
lM-r«mes  cxiciised  by  the  ai 
phrrir  nxy(;fu  is  used  up,  r 
ti'm]>eralure  1)C  allowed  to 


'lal  tulirs,  to  prevent  the  phosphorus 
A  small  ((uantity  of  the  phosphorus 
u  ithin  the  vrsscl,  but  after  this  atincw 
I  further  <i\idatiiin  takes  place.  If  the 
isc  above  360',  the  red  phosphorus  is 
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reconverted  into  the  ordinary  modification,  and  with  the  evolution 
of  so  much  heat,  that  unless  the  open  tube  be  provided,  as  a  safety- 
valve,  the  iron  vessel  is  liable  to  burst.  The  material  that  is 
obtained  at  the  end  of  the  operation  is  in  the  form  of  hard,  solid 
lumps,  which  still  contain  a  certain  amount  of  the  unchanged 
phosphorus  mixed  with  them.  It  is  first  ground  to  powder  beneath 
water,  and  then  boiled  with  a  solution  of  sodium  hydroxide  (caustic 
soda),  to  remove  the  ordinary  phosphorus,  and  finally  washed  and 
dried. 

Properties. — Red  phosphorus,  as  usually  sent  into  commerce, 
is  a  chocolate-red  j)owder,  having  a  specific  gravity  of  2.25.  It 
is  not  luminous  in  the  dark,  and  has  no  taste  or  smell.  It  is 
not  poisonous,  and  when  taken  into  the  system  is  excreted  un- 
changed. It  is  not  soluble  in  carbon  disulphide,  or  in  any  of  the 
solvents  which  dissolve  ordinary  phosphorus.  Red  phosphorus  is 
unaffected  by  exposure  to  dry  air  or  oxygen,  but  in  the  presence 
of  moisture  it  is  very  slowly  oxidised.  If  red  phosphorus  which 
has  been  perfectly  freed  from  ordinary  phosphorus,  and  carefully 
washed  and  dried,  be  ex()osed  to  air  and  moisture,  it  is  found  after 
the  lapse  of  some  time  to  have  become  acid,  owing  to  slight  oxida- 
tion into  phosphoric  acid.  When  heated  in  contact  with  air,  red 
phosphorus  does  not  ignite  below  a  temperature  of  240*.  Red 
phosphorus  may  be  obtained  in  the  form  of  rhombohedral  crystals 
by  heating  the  substance  under  pressure  to  a  temperature  of  580*. 

The  chief  use  of  phosphorus  is  in  the  manufacture  of  matches. 
When  ordinary  phosphorus  is  employed,  the  bundles  of  wooden 
splints  are  first  tipped  with  melted  parafHn  wax,  and  afterwards 
dipped  into  a  paste,  made  of  an  emulsion  of  phosphorus,  chlorate 
of  potash,  and  glue.  Matches  so  made  ignite  when  rubbed  upon 
any  rough  surface  ;  the  parafHn  (which  is  sometimes  replaced  by 
sulphur)  serving  to  transmit  the  combustion  from  the  phosphorus 
to  the  wood.  Since  the  discovery  of  red  phosphorus,  and  its  non- 
injurious  properties,  the  old  phosphorus  match  has  been  largely 
superseded  by  the  so-called  safety  matches.  In  these  matches  the 
splints  are  tipped  with  a  mixture  of  potassium  chlorate,  potassium 
dichromate,  red  lead,  and  antimony  sulphide,  and  they  are  ignited 
by  being  rubbed  upon  a  prepared  surface  consisting  of  a  mixture 
of  antimony  sulphide  and  red  phosphorus.  Although  these  matches 
will  not  ignite  by  ordinary  friction  upon  any  but  the  specially 
prepared  surface,  they  may  be  inflamed  by  being  swiftly  drawn 
along  a  sheet  of  ground  glass  or  strip  of  linoleum. 
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COMPOUNDS  OP  PHOSPHORUS  WITH  HYDROGEN. 

Three  compounds  of  phosphorus  and  hydrogen    are   known, 
namely — 

PH3  (gaseous) ;  PgH^  (liquid) ;  and  V^HJlJ)  (solid). 


GASEOUS  PHOSPHOBETTED  HTDROQEN  {Hydrogen  Phosphide: 

Phosphine), 

Formula,  PH3.     Molecular  weight -=34.03.     Density  =  17.015. 

Modes  of  Formation. — (i.)  This  substance  is  formed  when  red 
phosphorus  is  gently  heated  in  a  stream  of  hydrogen. 

(2.)  It  may  be  prepared  by  boiling  phosphorus  with  a  solution  of 
potassium  or  sodium  hydroxide — 

3NaHO+4P  +  3H.O  =  3NaH.,POo+PH3. 

In  this  reaction  a  small  quantity  of  the  liquid  hydride  (PgH^)  is 
simultaneously  formed,  which  imparts  to  the  gas  the  property  of 
spontaneous  inflammability.  It  also  contains  a  certain  quantity 
of  free  hydrogen,  produced  by  the  action  of  the  caustic  alkali  upon 
the  sodium  hypophosphite,  thus — 

NaH.,PO^  +  :>NaHO  =  2H2  +  Na3P04. 

To  obtain  the  gas  by  this  method,  a  quantity  of  a  strong  solution 
of  Giustic  soda,  and  a  few  fragments  of  phosphorus,  are  placed  in 
a  flask,  fitted  as  shown  in  Fig.  122.  A  stream  of  coal  gas  is  passed 
through  the  apparatus,  in  order  to  displace  the  air,  and  the  solution 
is  gently  heated.  Phosphorctted  hydi-ogen  is  readily  disengaged, 
and  as  each  bubble  escapes  into  the  air,  it  bursts  into  flame,  and 
forms  a  vortex  ring  of  white  smoke  of  j)hosphoric  acid. 

If  alcoholic  potash  be  substituted  for  the  aqueous  solution  in 
this  reaction,  the  liquid  phosphoretted  hydrogen  is  dissolved  in 
the  alcohftl,  and  the  gas  which  is  evolved  is  therefore  not  spon- 
taneouslv  inflammable.* 

(3.)  Phosphorctted  hydrogen  is  also  produced  by  the  action  of 
water  upon  calcium  phosphide — 

3P,ra,+  12H.p-(5Ca(HO).  +  4PH3  +  2P. 
*  Sec  "  Chemical  Lecture  I^xjxiriments,"  new  ed..  No.  545. 
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A  secondary  reaction,  by  which  liquid  phosphoretted  hydrogen 
is  formed,  goes  on  simultaneously — 

PjCa2+4H20  =  2Ca(HO)2+P2H4. 

The  gas,  therefore,  that  is  evolved  is  spontaneously  inflammable. 

(4.)  Pure  gaseous  phosphoretted  hydrogen  may  be  prepared  by 
the  action  of  potassium  hydroxide  upon  phosphonium  iodide — 

PH4l  +  KHO  =  KI  +  HjO  +  PH3. 

Properties.— Gaseous  phosphoretted  hydrogen,  or  phosphine, 
is  a  colourless  gas,  having  an  offensive  smell  resembling  rotten 
fish.     It  is  not  spontaneously  inflammable,  but  its  ignition  tem- 
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perature  is  below  100**  C.  (see  page  329).  The  gas  bums  with  a 
brightly  luminous  flame,  producing  water  and  metaphosphoric 
acid — 

PHs+SO^^HPOa+H^O. 

When  burnt  in  oxygen  the  flame  is  extremely  dazzling. 

The  gas  is  not  acted  upon  by  oxygen  at  ordinary  temperatures 
and  pressures,  but  if  a  mixture  of  these  gases  be  suddenly  rarefied, 
combination  at  once  takes  place  with  explosion.  Phosphoretted 
hydrogen  is  decomposed  by  chlorine  or  bromine,  a  jet  of  the  gas 
spontaneously  igniting  when  introduced  into  chlorine  or  the  vapour 
of  bromine — 

PH3+4Cl2=3HCl  +  PCl6. 

The  gas  is  also  decomposed  by  iodine,  but  in  this  case  the 
action  is  less  energetic,  and  a  portion  of  the  hydriodic  acid  which 
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is  produced  unites  with  the  phosphine  and  forms  phosphonium 
iodide,  thus — 

(I.)    PH3+3l2=Pl3+3HI. 
(2.)    PH3+HI  =  PH4l. 

Phosphine  is  a  highly  poisonous  gas,  and  the  inhalation  of  even 
small  quantities  of  it  is  attended  with  injurious  effects.  It  is 
slightly  soluble  in  water,  and  imparts  its  own  smell  and  an  un- 
pleasant taste  to  the  liquid.  The  solution  decomposes  after  a 
short  time,  especially  in  the  light,  and  deposits  red  phosphorus. 

Phosphoretted  hydrogen  has  no  action  upon  either  litmus  or 
turmeric  paper,  but  it  resembles  its  nitrogen  analogue,  ammonia, 
in  combining  with  hydrochloric,  hydrobromic,  and  hydriodic  acids, 
forming  respectively  phosphonium  chloride,  bromide,  and  iodide. 

Phosphonium  Chloride,  PH4CI.— When  a  mixture  of  phos- 
phine and  gaseous  hydrochloric  acid  is  passed  through  a  tube 
immersed  in  a  freezing-mixture,  the  gases  unite  and  form  a  white 
crystalline  incrustation  upon  the  tube.  If  the  tube  be  afterwards 
sealed  up,  the  compound  may  be  sublimed  from  one  part  of  the 
tube  to  another,  when  it  crystallises  in  large,  brilliant,  transparent 
cubes.  If  the  tube  be  opened,  the  compound  rapidly  dissociates 
into  its  two  generators.  This  compound  may  also  be  obtained  by 
subjecting  a  mixture  of  the  two  gases  to  pressure.  Under  a  pres- 
sure of.  about  eighteen  atmospheres  at  the  ordinary  temperature, 
crystals  of  phosphonium  chloride  are  deposited  ;  and  as  the  pres- 
sure is  released  the  crystals  gradually  dissociate  again. 

Phosphonium  Bromide,  PH4Br.— Phosphoretted  hydrogen 
combines  with  hydrobromic  acid  at  ordinary  temperatures  and  pres- 
sures, but  as  the  compound  begins  to  dissociate  at  the  ordinary 
temperature,  the  combination  is  only  completely  brought  about  by 
cooling  the  gases.  Phosphonium  bromide  may  be  readily  pre- 
pared by  passing  the  two  gases  into  a  flask  immersed  in  a  mode- 
rate freezing-mixture.  The  salt  may  be  obtained  in  the  form  of 
large  transparent  cubical  crystals  by  sublimation  in  a  sealed 
vessel. 

Phosphonium  Iodide*  PH4I.— This  compound  may  be  obtained 
by  a  method  similar  to  that  given  for  the  preparation  of  the  bro- 
mide. It  is  also  produced  when  phosphoretted  hydrogen  is  passed 
over  iodine,  as  already  mentioned.  It  is  most  readily  prepared  by 
the  action  of  water  upon  a  mixture  of  phosphorus  and  iodine.  For 
this  purpose  ten  parts  of  phosphorus  are  dissolved  in  carbon  disul- 


Liquid  Phospkoretted  Hydrogen  463 

phide  in  a  tubulated  retort,  to  which  seventeen  parts  of  iodine  are 
gradually  added,  (he  retort  being  kepi  cold.  The  carbon  disul- 
phide  is  Ihen  distilled  off  from  a  waler-bath,  a  stream  of  carbon 
dioxide  being  passed  through  the  apparatus  towards  the  end  o( 
the  distillation  to  assist  in  expelling  the  last  traces  of  the  di sul- 
phide. 

Six  parts  of  water  are  then  gradually  introduced  from  a  dropping 
funnel,  when  a  brisk  action  takes  place,  and  the  phosphonium 
iodide  produced  is  volatilised,  and  may  be  condensed  in  a  long 
wide  glass  lube  connected  to  the  retort.  Hydriodic  acid  is  at  the 
same  lime  formed — 

2I  +  2P+4H,0>-PH(i  +  HI  +  H3P04. 

I'he  phosphonium  iodide  condenses  in  the  form  of  brilliant 
quadratic  prisms. 

Liquid  Phosphoretted  Hydrogen,  P,H,.— This  compound  is 
obtained  in  small  quantities  when  phosphorus  is  boiled  with  a 
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solution  of  caustic  soda.  It  is  obtained  in  large  quantities  by  the 
decomposition  of  calcium  phosphide  with  water  by  the  reaction 
already  mentioned.  In  order  lo  collect  the  compound  a  quantity 
of  calcium  phosphide  is  introduced  into  a  flask  provided  wiih  a 
dropping  funnel  and  exit  tube.  After  displacing  the  air  from  the 
apparatus  by  an  inert  gas  water  is  gradually  introduced  from  the 
funnel,  and  the  products  of  the  reaction,  after  passing  through  a 
small  emply  tube  where  water  is  arrested,  are  passed  through  a 
U-Cuhc  immersed  in  a  freezing-mixture,  where  [he  liquid  phos- 
phoretted hydrogen  condenses. 

PFOpertles.— Liquid  phosphoretted  hydrogen  is  a  colourless, 
highly  refracting,  and  spontaneously  inflammable  liquid.  On  ex- 
posure to  light  it  is  quickly  decomposed  into  the  gaseous  and  the 
solid  hydrides  of  phosphorus — 

BP,H,-P,H,-l-6PHj. 
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The  formation  of  a  spontaneously  inflammable  gas  by  the  action 
of  water  upon  calcium  phosphide  has  found  a  practical  application 
in  the  marine  appliance  known  as  "  Holmes'  signal."  This  con- 
sists of  a  tin  canister  filled  with  lumps  of  calcium  phosphide.  A 
metal  tube,  closed  at  the  bottom  with  a  piece  of  block  tin,  enters  the 
canister  from  below,  and  a  short  cone  of  the  same  soft  metal  is 
soldered  upon  the  top.  When  the  signal  is  to  be  used  it  is  securely 
fixed  into  a  wooden  float  (Fig.  123).  The  cone  is  cut  off  and  a 
hole  punctured  through  the  bottom  of  the  tube  below,  and  the 
apparatus  thrown  into  the  sea.  The  phosphorettcd  hydrogen  spon- 
taneously ignites  and  bums  with  a  large  brilliant  flame  from  the 
top  of  the  tin,  illuminating  a  considerable  area. 

Solid  Phosphoretted  Hydrogen,  p4H2(?).— The  composition 

of  this  compound  is  not  known  with  certainty.  It  is  a  yellow 
powder,  obtained,  as  already  mentioned,  by  the  spontaneous  decom- 
position of  the  liquid  compound. 

COMPOUNDS  OF  PHOSPHORUS  WITH  THE  HALOGENS. 

Phosphorus  combines  with  all  the  halogen  elements,  forming  the 
following  compounds — 

PF3  PCI3  PBr3  PI3. 

PF,  PCI,  PBr,  P,I,. 

Phosphorus  Trifluoride,    PF,,  is  obtained  by  the  action  of 

arsenic  trifluoride  upon  phosphorus  trichloride — 

AsF3+PCl3  =  PF3  +  AsCl3. 

It  is  more  conveniently  prepared  by  gently  heating  a  mixture  of 
zinc  fluoride  and  phosphorus  tribromide — 

3ZnF2  +  2PBr3=2PF3  +  3ZnBr3. 

Properties. — Phosphorus  trifluoride  is  a  colourless,  pungent- 
smelling  gas.  It  has  no  action  upon  glass  in  the  cold,  but  when 
heated  it  forms  silicon  fluoride  and  phosphorus.  It  is  moderately 
soluble  in  water.  Phosphorus  trifluoride  unites  direcdy  with 
bromine,  forming  the  compound  T^F.^Bro. 

Phosphorus  Pentafluoride,  PF-.— This  compound  is  formed 
when  phosphorus  bums  in  fluorine.  It  is  best  prepared  by  the 
action  of  arsenic  trifluoride  upon  phosphorus  pentachlorid< 

5AsF3  +  3PCl5=3PF,  +  5AsCl3. 
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Properties. — Phosphorus  pentafluoride  is  a  heavy,  colourless 
gas,  which  fumes  strongly  in  moist  air,  being  decomposed  by  water 
into  hydrofluoric  and  phosphoric  acids — 

PF6+4HjO=5HF  +  H3P04. 

Owing  to  this  decomposition  it  has  a  pungent  and  irritating 
effect  upon  the  mucous  membrane. 

It  is  not  acted  upon  by  oxygen,  but  unites  directly  with  dry 
gaseous  ammonia,  forming  a  white  solid  compound  having  the 
composition  SPF^SNHj. 

Phosphorus  pentafluoride  is  an  extremely  stable  compound,  being 
capable  of  withstanding  a  very  high  temperature  without  dissocia- 
tion. On  this  account  it  is  of  special  interest,  as  affording  an 
example  of  a  compound  in  which  phosphorus  is  united  to  five 
monovalent  atoms  to  form  a  stable  substance.  The  corresponding 
chlorine  and  bromine  compounds  readily  dissociate,  when  heated, 
into  compounds  containing  trivalent  phosphorus  and  the  free 
halogen. 

Phosphorus  Trichloride,  PCI3.— This  compound  is  prepared 
by  passing  dr>'  chlorine  over  red  phosphorus,  gently  heated  in  a 
tubulated  retort.  The  two  elements  readily  combine,  and  the 
volatile  trichloride,  mixed  with  more  or  less  of  the  pentachloride, 
distils  off,  and  is  collected  in  a  well-cooled  receiver.  The  product 
is  freed  from  the  higher  chloride  by  redistillation  over  ordinary 
phosphorus. 

Properties. — Phosphorus  trichloride  is  a  colourless,  mobile 
liquid,  which  boils  at  75.95'.  It  has  a  pungent  smell,  and  fumes 
strongly  in  moist  air.  Water  at  once  decomposes  it  into  hydro- 
chloric and  phosphorous  acids — 

PCl3+3H.p  =  H3P03  +  3HCl. 

Phosphorus  Pentachloride,  PCI5.— This  compound  is  formed 
when  phosphorus  burns  in  excess  of  chlorine.  It  is  prepared  by 
the  action  of  chlorine  upon  the  trichloride.  Dry  chlorine  is  passed 
on  to  the  surface  of  a  quantity  of  the  trichloride,  contained  in  a 
flask  which  is  kept  cool.  The  absorption  of  the  chlorine  is  attended 
with  considerable  rise  of  temperature,  and  the  contents  of  the  flask 
rapidly  become  converted  into  a  dry,  pale-yellow  solid. 

Phosphorus  pentachloride  is  conveniently  obtained  by  passing 

2  G 


466  Inorganic  Chcmisiry 

chlorine  through  a  solution  of  phosphorus  in  carbon  disulphide. 
the  solution  being  kept  cold. 

Properties. — Phosphorus  pentachloridc  is  a  yclIowish-white, 
cr>'stalline  solid,  having  a  pungent  and  irritating  odour.  It  fumes 
strongly  in  contact  with  moist  air,  being  decomposed  by  moisture 
into  hydrochloric  acid  and  phosphorus  oxychloride — 

rCl5+H.O  =  2HCl  +  POCl3. 

With  excess  of  water,  both  phosphorus  oxychloride  and  phos- 
phorus pentachloride  dissolve  with  evolution  of  heat,  forming 
hydrochloric  and  phosphoric  acids — 

POCla  +  aH.O^  H:,P04  +  3HC1. 
PCI5     +4H',0=H3P04+5HC1. 

Phosphorus  pentachloride  readily  sublimes,  without  meltinjf,  at 
a  temperature  below  that  of  boiling  water.  It  can  only  be  melted 
by  being  heated  under  pressure  to  a  temperature  of  148*. 

As  the  vapour  of  phosphorus  pentachloride  is  heated,  the  com- 
pound dissociates  into  phosphorus  trichloride  and  free  chlorine. 
At  300"  this  dissociation  is  complete,  and  the  vapour  consists  of 
ecjual  molecules  of  the  trichloride  and  chlorine.  The  gradual 
breaking  down  of  the  molecules  of  pentachloride  is  seen  from  the 
following  table,  which  gives  the  densities  of  the  gas  at  different 
temperatures — 

TcMuperaturcs      182^  200"  250"  300** 

Density      .     .      72.5  69.2  57.0  52.06 

At  300'  it  consists  of  molecules  of  PCI3  (molecular  weight = 
* 37-35)  ^"*1  molecules  of  chlorine  (molecular  weight  =  70.90)  in 
eciual  numbers,  which  theoretically  gives  the  molecular  weight — 

1370=5  +  70.9(3     ^      . 
4  ^ 

Phosphorus  pentachloride  is  an  important  chemical  reagent,  in- 
a^much  as  by  its  a(  tion  upon  oxyacids,  both  inorganic  and  organic, 
the  (HO)  ^roup  in  the  acid  can  be  replaced  by  chlorine.  Thus 
with  sulphuric  acid,  chlorosulphuric  acid  is  formed — 

lie ;  •'^<>^+ J'Ci,  =  H*-^  j  .so,+ roci,+ HCI. 
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With  acetic  acid  it  yields  acetyl  chloride — 


HO  1 
CHaf 


CO  +  PCl3=  ^^  \  CO  +  POCI3  +  HCI. 


It  also  effects  the  replacement  of  (HO)  by  chlorine,  in  alcohols. 
Thus,  with  ethyl  alcohol  (spirits  of  wine)  it  forms  ethyl  chloride— 

CH3  I  CH.,+  PCl6=^j^^  I  CH.+  POClj+HCl. 

Phosphorus  Tribromlde,  PRfj,  is  best  prepared  by  dropping  In-omine  upon 
an  excess  of  red  phosphonis.  It  forms  u  colourless  pungent-smelling  liquid, 
which  Ixiils  at  172.9". 

Phosphorus  Pentahromlde,  PBrs,  is  prepared  by  adding  Ijromine  to  the 
tribroniide.  It  is  a  yellow  solid,  which  melts  to  a  reddish  liquid.  It  is  very 
unstable,  l)eing  dissociated  below  loo**  into  its  generators,  the  tribromide  and 
bromine. 

Diphosphorus  Tetriodlde  {phosphorus  di-iodide),  P2I4.— This  substance  is 
preparetl  by  the  gradual  addition  of  8.2  parts  of  iodme  to  i  part  o{  phosphorus 
dissolved  in  carbon  disulphide.  On  gcnily  distilling  off  the  ciirlxju  di^ulphide, 
the  iodide  is  left  as  a  yellow  crystalline  solid.     The  compound  melts  at  1 10**. 

Phosphorus  Trl-iodide.  PI3,  is  obtained  by  employing  a  larger  proportion  of 
iodine  in  the  al)ove  reaction.  It  is  a  solid  substance,  crystallising  in  red  six- 
sided  prisms,  which  are  decomposed  by  water  into  hydriodic  and  phosphorus 
acids. 


OXY  AND  THIO  COMPOUNDS  OF  PHOSPHORUS 

AND  THE  HALOGENS, 

The  following  compounds  are  known,  containing  phosphorus 
combined  with  the  halogens,  and  either  oxygen  or  sulphur- 

POF3;   POCI3;  P2O3CI4;  POBrCla;  POHrg. 
PSF3;   PSCI3;        —  —  PSBr3. 

These  compounds  may  be  regarded  as  derived  from  the  haloid 
compounds,  by  the  replacement  of  two  atoms  of  the  halogen  by  an 
equivalent  of  oxygen  or  of  divalent  sulphur  ;  or  they  may  be  viewed 
as  derivatives  of  phosphoric  acid,  by  the  substitution  of  halogen 
elements  in  the  place  of  (HO)  groups.  The  tribasic  phosphoric 
acid,  PO(HO)3,  may  be  regarded  as  giving  rise  to  the  compounds 
POF3,  POCI3,  &c.  ;  while  the  compound  P.2O3CI4  may  be  viewed 
as  a  derivative  of  pyrophosphoric  acid,  P203(HO)4. 
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FbOSptaoryl  Fluoride  Ipfioipkorus  oxjrJluoride\,  POFV  vn^y  ^  obtained  bf 
the  actUm  of  pbospboryl  chloride  (POCI,)  upon  zinc  fluoride— 

3ZnF,+ 2POCl,=2FOF,-«-3ZnCl^ 

It  may  also  Ije  prepared  by  gently  heating  a  mixture  of  Cnelj  powdered 
cryolite  and  phosphorus  pentoxide— 

2(A1  F„3NaF . -r  2P2O5 = 4POF,  +  AljO, -r  3NajO. 

Phosphoryl  fluoride  h  a  c^ik^rless  gas,  which  fumes  in  the  air.  and  is  de- 
compfjMfd  \jj  water.     The  gas  in  a  dry  condition  docs  not  attack  glass. 

Tlliopliocplioryl  Fluoride,  I'SF,.  is  most  readily  prepared  by  gently  beat- 
ing in  a  leaden  tube  a  mixture  of  dry  lead  fluoride  and  phosphorus  penta- 
sulphide  — 

SiajFaT  P2S5=3PbS+2I»i>F9. 

'I  lie  jjas  may  l«  coll'rcierl  over  mercury. 

Thioph^^^phoryl  fluoride  i»  a  crilourless  gas,  which  sp«>ntaneously  inflannes 
wli«*n  a  jet  of  it  :.s  allowr'l  to  t:sca.\^  into  the  air.  It  tnirns  with  a  pale  greenish 
noM-luminoiis  flanu*.  In  pure  oxygen  ihe  gas  bums  wiih  a  yellow  and  more 
luminous  Harnc.  The  gas  i.«>  decomposed  by  heal  into  phosphorus  fluoride, 
ph';^phorus,  and  sulphur.  Wlien  heated  in  a  glass  vessel,  sulphur  and  |^ios- 
phorus  arc  depKi:>ited,  and  silicon  tetrafluoride  is  formed — 

41'SF3  +  :^Si=38iF44-4P  +  4S. 

Phosphoryl  Chloride  {phosphorus  oxychloruic\  POCI3.— This 
compound  is  fonned  by  the  first  action  of  water  upon  phosphorus 
pentachloride  (q.v.).  It  is  also  obtained  when  phosphorus  penta- 
chloride  and  pentoxide  are  heated  together  in  a  sealed  tube— 

3PCL  +  R,0,  =  5POCU. 
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It  is  most  readily  prepared  by  heating  phosphorus  pentachloride 
with  either  oxalic  acid  or  boric  acid,  thus — 

PCl;,+  II,,C,A  =  ^*<^^><^^3  +  2HCl4-CO.  +  CO. 
3PC1^  +  2H3H03-3P0C13  +  GHC1+'B203. 

Properties.—  Phosplioryl  chloride  is  a  colourless  fuming  liquid, 

which  boils  at  107.23.''     When  cooled  to  about  -  10*'  it  solidifies  to 

a  white  crystalline  mass,  which  melts  at  0.8'.     It  is  decomposed  by 

water  with  formation  of  tribasic  ])hosphoric  acid  and  hydrochloric 

acid — 

POCl,  +  3Hj,0-PO(HO)3  +  3HCl. 
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Pyrophoiplioryl  Obloride,  PsOsCl4.  is  obtained  by  passing  nitrogen  peroxide 
through  phosphorus  trichloride,  and  subsequently  distilling  the  liquid.  The 
reaction  is  complicated,  and  cannot  lie  expressed  by  a  single  equation  ;  nitro- 
gen is  evolved,  and  phosphorus  pentoxide,  nitrosyl  chloride,  and  phosphoryl 
chloride  are  simultaneously  formed.  Pyrophosphoryl  chloride  is  a  colourless 
fuming  liquid,  lx>iling  between  210**  and  215^  It  is  decomposed  by  water, 
an<l  forms  hydrochloric  acid  and  orthophosphoric  acid  (««>/  pyrophosphoric 

acid)  - 

Pa03Cl4+5H40=2H3P04  +  4HCl. 

It  is  converted  by  phosphorus  pentachloride  into  phosphoryl  chloride — 

PjO,Cl4  +  PCla=3PCK'l3. 

Thiophosphoryl  Obloride,  PSCI3,  is  prepared  by  heating  a  mixture  of 
phosphorus  jsentasulphide  and  pentachloride  — 

3PCI8+P2S5-5PSCI3. 

It  is  a  colourless  liquid,  lx>iling  at  125°.     It  fumes  in  moist  air,  being  de- 

coni|X)sed  by  water  into  sulphuretted  hydrogen,  phosphoric  and  hydrochloric 

acids — 

PSCl3+4Hp.-=H,S+  HjP04+3HCl. 


OXIDES   AND    OXYACIDS   OF    PHOSPHORUS. 

Four  compounds  of  phosphorus  and  oxygen  .ire  known,  all  of 
which  are  formed  when  phosphorus  is  burned  in  a  limited  supply 
of  air — 

Phosphorus  monoxide Pfil 

Phosphorous  oxide  (phosphorus  trioxide)        .  ^S^^ 

Phosphorus  tetroxide      .....  l^aO^. 

Phosphoric  oxide  (phosphorus  pentoxide)       .  PjO^. 


The  two  compounds,  phosphorus  trioxide  and  pentoxide,  are  the 
best  known  of  these  oxides,  and  they  give  rise  respectively  to 
phosphorous  and  phosphoric  acids.  The  following  oxyacids  of 
phosphorus  are  known — 

^  Correspondinc 

Oxide. 


Hypophosphorous  acid  H3PO2  — 

Phosphorous  acid  .         .  H3PO3  or  P(HO)3        .       P^O^ 

Orthophosphoric  acid    .  H3PO4  „  PO(HO)3 

Pyrophosphoric  acid     .  H4P2O-,,  V^O^{Y{0\     . 

Metaphosphoric  acid     .  HPO,   „  PO;j(HO)       j 


\   I' A 
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When  phosphonis  is  dissolvofi  in  a  solution  of  aqueous  alcoholic  potasli,  and 
dilute  hydrochloric  acid  is  added,  a  yellow  or  reddish  precipitate  is  obtained 
which  was  t)elif.ved  to  have  the  composition  P4O.  Recent  investigations,  how- 
ever, seem  to  prove  that  the  substance  so  obtained  is  identical  with  red  phos- 
phorus.    [Cfum.  Sac.  Journal^  Nov.  1899,  and  Nov.  190X.) 

Phosphorous  Oxide  {phosphorous  anhydride),  ^fi^  ;  molecular 
weij^ht  =  2'2o. — ^This  oxide  is  obtained,  mixed  with  a  larg'e  excess 
of  the  pentoxide,  when  phosphorus  is  burned  in  a  tube  through 
which  a  rejfulated  stream  of  air  is  passed.  In  order  to  obtain  the 
compound  in  a  state  of  purity,  tlie  following  method  is  employed. 
A  quantity  of  phosphorus  is  introduced  into  a  glass  tube  bent  in  the 


Vu',.  124. 

manner  indicated  in  Fig.  124,  and  fitted  into  one  end  of  along, 
wide,  Liebi^s  condenser.  Into  the  end  of  the  condenser  nearest  to 
the  U-tul>e  there  is  introduced  a  loose  plug  of  glass  wool,  which 
serves  to  arrest  the  pentoxide.  The  phosphorus  is  ignited  at  the 
open  end  of  the  glass  tube,  and  a  stream  of  air  drawn  through 
the  apparatus  by  means  of  an  aspirator.  A  stream  of  water,  at 
Co'',  is  circulated  throuj^h  the  condenser,  when  the  easily  fusible 
phosphorous  oxide  is  carried  over,  and  condenses  in  the  U-tube, 
which  is  immersed  in  a  freezing-mixture. 

Properties.  — Phosphorous  oxid«,  as  it  collects  in  the  cooled 
tube,  is  a  snow-white  crystalline  solid,  which  melts  at  22.5'  to  a 
colourless  lic|uid.  Theli(|uid  solidifies  at  21 '  to  a  white,  waxy-looking 
mass,  consisting  of  monoclinic  prismatic  crystals.  The  liquid  boils 
at  173. 1  .  It  possesses  an  unpleasant  garlic  smell,  and  is  highly 
poisonous.     Phosphorous  oxide  is  only  very  slowly  acted  upon  by 
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cold   water,  which   gradually  dissolves  it,   forming  phosphorous 
acid — 

P40fl+6H20  =  4H3P03. 

In  contact  with  hot  water  a  violent  action  takes  place,  in  which 
spontaneously  inflammable  phosphoretted  hydrogen  is  evolved,  and 
a  red  deposit,  consisting  of  red  phosphorus,  is  formed. 

When  heated  in  a  sealed  tube  to  a  temperature  of  440",  phos- 
phorous   oxide  is  decomposed   into  phosphorus 
tctroxide,  and  red  phosphorus — 

2P40o=3Pj,04+2P. 

When  exposed  to  air  or  oxygen,  phosphorous 
oxide  is  gradually  oxidised  into  phosphorus 
pentoxide,  but  when  placed  in  warm  oxygen  it 
bursts  into  flame.  When  brought  into  chlorine 
it  also  spontaneously  inflames. 

Phoiphoms  TOtroxlde,  P,04.— This  substance  is 
obtained  when  phosphorous  oxide  is  heated  in  a  sealed 
tulx;  to  a  temperature  of  440*.  It  forms  brilliant  trans- 
parent a  ystals,  which  appear  as  a  sublimate  in  the  tube. 
This  oxide  is  highly  deliquescent,  and  dissolves  in  water 
with  evolution  of  heat. 


\  '^^';/'  '■' 


Fig.  125. 


Phosphoric  Oxide,  P^Oj  (or  P40,o).— This  oxide  is  the  main 
product  of  the  combustion  of  phosphorus  in  air  or  oxygen.  It  may 
readily  be  obtained  by  burning  a  quantity  of  phosphorus  in  a  small 
capsule,  and  covering  the  whole  with  a  large  bell-jar  (Fig.  125). 
The  white  clouds  of  phosphoric  oxide  (or  phosphorus  pentoxide) 
collect  as  a  soft  snow-like  substance. 

Properties. — Phosphorus  pentoxide  is  a  white,  amorphous,  and 
very  voluminous  powder.  It  is  without  smell,  although  as  usually 
prepared  it  frequently  possesses  a  slight  garlic  odour,  owing  to  the 
presence  of  phosphorous  oxide.  At  a  temperature  -short  of  a  red 
heat  this  oxide  vaporises,  and  recent  determinations  of  its  vapour- 
density  point  to  the  conclusion  that  the  compound  under  these 
conditions  has  a  composition  expressed  by  the  formula  PiOj^. 

Phosphoric  oxide  is  extremely  hygroscopic,  absorbing  moisture 
from  the  air  with  great  rapidity.  It  must  therefore  be  preserved 
either  in  well-fitting  stopper  bottles  or  in  hermetically  sealed 
vessels.  Its  affinity  for  water  constitutes  it  the  most  useful  de- 
siccating agent  known  to  chemists  :  prolonged  exposure  to  phos- 
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phoric  oxide  removes   the  last   traces  of  aqueous    vapour  from 
gases. 

When  thrown  into  water,  phosphoric  oxide  is  dissolved  with  a 
hissing  sound  resembling  the.  quenching  of  hot  iron,  and  fbnns 
metaphosphoric  acid — 

Po05+H20  =  2HP03, 

which  gradually  passes  into  orthophosphoric  acid — 

HP03  +  H.O  =  H3P04. 

Phosphorus  pentoxidc  is  capable  of  abstracting  the  elements  of 
water  from  a  number  of  substances,  both  inorganic  and  organic ; 
thus,  it  converts  nitric  acid  into  nitrogen  pentoxide — 

2HN03-Hp  =  N206. 

In  the  s!ime  way  it  withdraws  the  elements  of  water  from  alcohol, 
with  the  evolution  of  ethylene — 

C.JI,;0-H.>0  =  C>H4. 

Hypophosphorous  Acid,  Hal'Oj.— This  acid   is   prepared  by 

the  action  of  sulphuric  acid  u[)on  the  barium  salt — 

B.'i(H,PO,,).+  U.S04-BaS04  +  2H3PO^ 

The  solution,  after  the  removal  of  the  barium  sulph.ite  by  filtra- 
tion, is  gently  heated  until  its  temperature  rises  to  130%  when  it 
will  lie  sufficiently  concentrated  to  deposit  crystals  when  cooled  too'. 

The  barium  hyp()phos])hite  is  obtained  by  boiling  phosphorus 
with  a  solution  of  barium  hvdroxide — 

.3Ha(HO),.  +  HP-f-^5H,()  =  :iPH3  +  3Ba(H5jP02)2. 

Properties. — Hypophosphorous  acid  is  a  white  crystalline  com- 
pound which  melts  at  17.4'.  When  strongly  heated  it  is  converted 
into  orthophosphoric  acid,  with  the  evolution  of  gaseous  phos- 
phoretted  hydrogen-  - 

2H,POo=H:.P04+PH,. 

Hypophosphorous  acid  acts  as  a  powerful  reducing  agent,  on 
account  of  the  readiness  with  which  it  absorbs  oxygen  and  is  con- 
verted into  orthophosphoric  acid    - 

H|  Hf)^  \\\  HO\ 

N      I'O-f  ()..:=  HO  -PO  :  or  HO     P  +  O.  -  HO  LPO. 
HOJ  ■     HO  J  HOJ  '     HOJ 
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Thus  if  hypophosphorous  acid  or  the  sodium  salt  in  solution  be 
added  to  a  solution  of  copper  sulphate,  and  the  mixture  gently 
warmed,  the  copper  is  reduced  even  a  stage  further  than  to  the 
metallic  state,  and  a  dark  red-brown  precipitate  of  copper  hydride^ 
Cu.jHj,  is  obtained,  thus — 

3NaH2P02  +  4CuS04+6H.O  =  3H3P04+H2S04 
+  3HNaS04+2Cu2H2. 

This  constitutes  a  characteristic  reaction  for  hypophosphites. 
Hypophosphorous  acid  is  a  feeble  monobasic  acid  ;  its  salts  with 
monovalent  metals  being  represented  by  the  fonnula  MH^POj. 

It  is  ciistomary  to  express  the  basicity  of  oxyacids  by  the  number  of  (HO) 
groups  that  arc  contained  in  the  molecule,  and  as  this  acid  is  monobasic  its 
constitution  would  be  expressed  by  the  formula  POHa(HO).  Many  of  the 
oxyacids  of  phosphorus,  however,  show  a  tendency  to  exhibit  a  lower  degree 
of  Ijasicity  tlian  is  represented  by  the  numlier  of  (HO)  groups  they  contain ; 
thus,  orthophosphoric  acid,  PO(HO)3,  which  is  trilxisic,  and  forms  the  salt 
trisodium  phosphate.  PO(NaO)3,  holds  the  third  atom  of  the  metal  so  loosely 
that  even  such  a  feeble  acid  as  carbonic  acid  is  capable  of  ex{)elling  it — 


or- 


PO(NaO)3+COa+  HaO=PO(HO)(NaO)a+  HNaCOj. 
Na3P04  +  COa  +  HaO = H  NaaP04  +  H  NaC03. 


The  weaker  acid,  phosphorous  acid,  is  also  trilicsic,  P(HO)3,  and  forms 
trisodium  phosphite,  P(NaO)3,  or  N^sPOj.  But  this  ssilt  is  even  decomj>osed 
by  water,  into  the  disodium  phosphite,  P(HO)(NaO)2,  or  HNaal'Os. 

Hypophos{)horous<icid  being  a  still  weaker  acid,  its  acidic  f>ower  is  destroyed 
as  s(x>n  as  one  atom  of  hydrogen  is  replaced  by  a  base,  and  its  constitution  may. 


o\\\ 


in  harmony  with  these  facts,  be  expressed  by  the  formula  PH(HO)j,  or  HO 

HO 

Phosphorous  Acid,  H3PO3,  or  P(HO)3.— As  already  mentioned, 
this  acid  is  formed  when  phosphorous  oxide  is  dissolved  in  cold 
water. 

It  is  most  readily  prepared  by  the  action  of  water  upon  phos- 
phorus trichloride — 

PCl3+3H20  =  3HCl  +  P(HO)3. 

The  production  and  decomposition  of  the  phosphorus  trichloride 
may  be  carried  on  simultaneously,  by  passing  a  stream  of  chlorine 
through  phosphorus  which  is  melted  beneath  water.  The  solution 
is  evaporated  until  its  temperature  rises  to  iSo"*,  when  the  licjuid 
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will  have  become  so  concentrated  that  on  cooling  it  solidifies  to  a 
crystalline  mass. 

Properties. — Phosphorous  acid  is  a  white  crystalline  substance 
which  melts  at  70.1".  When  heated,  it  decomposes  into  ortho- 
phosphoric  acid,  with  evolution  of  phosphoretted  hydrogen — 

4H3P03  =  3H3P04+PH3. 

Like  hypophosphorous  acid,  this  compound  absorbs  oxygen,  and 
therefore  is  a  powerful  reducing  agent ;  silver  salts  are  reduced 
to  metallic  silver,  and  mercuric  salts  are  reduced  to  mcrcurous 
salts.  By  the  absorption  of  oxygen  it  is  converted  into  ortho- 
phosphoric  acid — 

H3P03  +  0  =  H3PO^. 

Although  a  tribasic  acid,  its  tribasic  salts  are  unstable ;  the 
sodium  compound,  Na3P03,  which  is  the  most  stable  inorganic 
salt,  is  decomposed  by  water  into  the  dibasic  salt— 


Na3P03+  H,,0  =  HNaaP03+  NaHQ. 
NaO^  HO ^ 

or  NaO     P+H.O  =  NaO 

NaO  j  '        NaO 


Lp  +  NaHO. 


Orthophosphoric  Acid,  H3PO4,  or  PO(HO)3.— This  acid  is 
fomicd  when  phosphorus  pentoxidc  is  dissolved  in  boiling  water, 
or  when  the  solution  of  the  oxide  in  cold  water  is  boiled — 

IU\+3Hp  =  2H3p04. 

Orthophosphoric  acid  is  readily  obtained  by  the  oxidation  of  red 
phosphorus  with  nitric  acid.  Copious  red  fumes  are  evolved,  and 
phosphoric  acid  remains  in  solution. 

Phosphoric  acid  is  prepared  on  a  large  scale  by  the  action  of 
sulphuric  acid  upon  bone  ash,  as  in  the  process  for  the  manu- 
facture of  phosphorus — 

Ca.(P04\,  +  3IUSO,  =  3CaS04  +  2H3P04. 

The  calcium  sulphate  is  removed  by  filtration,  and  the  solution 
evaporated  to  a  syrup.  Prepared  in  this  way  the  acid  usually 
contains  arsenic.  This  is  rrmoved  by  first  reducing  it  to  arsenious 
oxide  by  means  of  sulphur  dioxide,  and  after  boiling  off  the  excess 
of  sulphur  dioxide,  precipitating  the  arsenic  as  sulphide  by  means 
of  sulphuretted  hydrogen. 
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Properties. — The  solution  obtained  by  these  methods  is  either 
concentrated  in  vacuo  or  heated  to  a  temperature  of  140'',  and 
allowed  to  cool,  when  the  acid  is  obtained  in  the  form  of  trans- 
parent six-sided  prismatic  crystals  belonging  to  the  rhombic 
system.    The  substance  is  deliquescent,  and  melts  at  38.6*. 

Phosphoric  acid  is  tnbasic,  and  forms  three  series  of  salts, 
according  as  one,  two,  or  three  of  its  hydrogen  atoms  are  replaced 
by  an  equivalent  of  metal.  Thus,  with  the  metal  sodium  the  three 
salts  are  known — 

Dihydrogen  sodium  phosphate  ....  H2NaP04. 
Hydrogen  disodium  phosphate  ....  HNa^PO^. 
Trisodium  phosphate  (normal  sodium  phosphate)     NasPO^. 

The  hydrogen  may  be  replaced  by  its  equivalent  of  more  than 
one  base.  Thus,  the  well-known  compound,  microcosm ic  salt^  is 
hydrogen  sodium  ammonium  phosphate,  HNa(NH4)P04.  The 
salt  which  is  precipitated  when  magnesium  sulphate  (in  the  pre- 
sence of  ammonium  chloride  and  ammonia)  is  added  to  a  solution 
of  a  phosphate,  consists  of  the  compound  ammonium  magnesium 
phosphate  (NH4)MgP04. 

The  heavy  metals  usually  only  form  normal  phosphates.  Thus, 
on  the  addition  of  silver  nitrate  to  a  solution  of  either  of  the  three 
sodium  salts,  the  same  silver  salt  is  precipitated,  namely,  tri- 
argenlic  phosphate. 

NagPO^     +3AgN03  =  Ag3P04+3NaN03. 
*HNa2P04+3AgN03=Ag3P04  +  2NaN03+HN03. 
H2NaP04  +  3AgN03  =  Ag3P04+NaN03   +2HNO3. 

Pyrophosphoric  Acid,  H4PJO7,  or  P203(H  0)4.— This  acid  is 
derived  from  orthophosphoric  acid  by  the  withdrawal  of  one 
molecule  of  water  from  two  molecules  of  the  acid.  This  change  is 
effected  by  heating  the  oriho  acid  to  213*'— 

2H3P04-H,0  =  H4Pj07. 


*  Hydrogen  disodium  phosphate,  although  belonging  to  that  class  of  com- 
pounds commonly  called  acid  salts^  on  account  of  the  fact  that  it  still  retains 
.1  portion  of  the  replaceable  hydrogen  of  the  acid,  is  strongly  alkaline  in  its 
action  upon  litmus  ;  silver  nitrate  is  a  neutral  compound,  hence  in  this  reaction, 
by  mixing  an  alkaline  and  a  neutral  liquid,  an  acid  liquid  is  obtained,  on 
account  of  the  molecule  of  nitric  acid  that  is  set  free« 
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The  formation  of  this  acid  from  two  molecules  of  orthophos- 
phoric  acid  will  be  made  clear  by  the  following*  fomnulse — 

HO  HO  HO  HO  HO   HO  HO  HO 


OrrP 


•O  --  H   H    -  O  -  /=0      =      HgO  +    0=  P  -  O  -  P=0. 


Pyrophosphates  are  formed  when  monohydrog'en  orthophos- 
phales  are  heated.  Thus,  by  heating  hydrogen  disodium  ortho- 
phosphate,  sodium  pyrophosphate  is  formed — 

2HNa.,P04- H,,0  =  Na^PjOy. 

When  ammonium  ma^^nesium  phosphate  (see  above)  is  heated 
in  the  same  way  it  loses  water  and  ammonia,  and  is  transformed 
into  magnesium  pyropliosphate,  thus — 

2(NH,)MgP04=Mg,P20.  +  H,0  +  2NH3. 

Properties. — Pyrophosphoric  acid  is  an  opaque  white  cr>'Stal- 
line  solid,  readily  soluble  in  water.  Its  aqueous  solution  passes 
slowly  into  ortlK>])hosphoric  acid,  the  change  taking  place  rapidly 
on  boiling  :  a  solution  of  tliis  acid,  therefore,  cannot  be  concen- 
trated by  l)oiling. 

The  pyrophosphates  arc  stable  salts,  and  their  solutions  may  be 
boiled  without  change  ;  by  boiling  with  acids,  however,  they  are 
converted  into  orthophos])hatcs. 

Metaphosphorie  Acid,  H  i»0.,  or  PO,.(HO).— This  acid  is  formed 
when  phosphorus  pcntoxidc  is  allowed  to  deliquesce.  It  may  be 
obtained  by  the  al)straction  of  one  molecule  of  water  from  one 
molecule  of  ortliophosphoric  acid,  which  is  brought  about  by  heat- 
ing the  tribasic  acid  to  redness  — 

H;.rO,-lI,0-HP(\ 

It  is  also  obtained  by  strongly  healing  pyrophosphoric  acid — 

H4p,O;-H,O:-:>HP0;,. 

The  sodium  salt  is  obtained  by  strongly  igniting  either  dihydrogen 
sodium  phosphate,  FL.Nal'O,,  or  hydrogen  sodium  ammonium 
phosphate  {tnicrocosmic  siii/),  nNa(N  114)1*04;  or  dihydrogen 
sodium  pyropho^j)hate,  II-.^Na^.I^D;. 

Properties.-- Motaphosphoric  acid  is  a  transparent  vitreous 
^olid  (frequently  termed  jf/(Jiiu/  phosphoric  acid).     It   is   readily 
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fusible,  and  is  usually  cast  into  sticks.  At  a  high  temperature  it 
may  be  volatilised.  Metaphosphoric  acid  is  easily  soluble  in 
water,  and  its  solution  is  slowly  transformed  into  orthophosphoric 
acid  ;  this  change  takes  place  rapidly  on  boiling,  and  the  acid 
passes  directly  into  the  tribasic  acid  without  the  intermediate 
fonnalion  of  pyrophosphoric  acid — 

HPOg+HjO^HsPO^. 

Metaphosphoric  acid  is  monobasic,  but  it  possesses  the  remark- 
able property  of  forming  a  number  of  salts  which  may  be  regarded 
as  derived  from  several  hypothetical  polymeric  varieties  of  the 
acid. 

Monomctaphosphoric  acid,  HPO3,  forms  monometaphosphates,  NaPOj. 
I >i metaphosphoric  acid,  (HP08)3       »»       dimeiaphosphatcs,  K^P.^Oij. 
Trimetaphosphoric  acid,  (HPOs)}      ,,       irimetaphosphattrs,  Na^PsOj. 
Tctramctaphosphoricacid,  (HP03)4,  ,,       tetrametaphosphatcs,  PU^P^Oja. 
Hexametaphosphoric  acid,  (HPOs)^,  ,,       hexametaphosphates,  Na^PgOi^. 

The  three  compounds,  ortho-,  pyro-,  and  metaphosphoric  acids, 
are  readily  distinguished  from  each  other  by  means  of  silver  nitrate 
and  their  action  upon  albumen  : — 


Reagent. 


Silver  nitrate  . 


Albumen 


Orthophosphoric 
Acid. 


Canary  yellow 
precipitate  of 
AgsPO^ 

No  action 


Pyrophosphoric 
Acia. 


Meiaphoi^phoiic 
Acid. 


White  crystalline     White  gelatinous 
precipitate      of         precipitate      of 


Ag^PgO; 

No  action 


AgPOj 
Coagulates 


Orthophosphoric  acid  is  also  distinguished  by  giving  a  yellow 
precipitate  of  ammonium  phospho-molybdatc  upon  the  addition  of 
excess  of  a  solution  of  ammonium  molybdatc  in  nitric  acid  (see 
Molybdenum). 

Compoonds  of  PhOiplloniS  contalninir  Nitrogen.— By  the  action  of  am- 
monia upon  phosphorus  pwntachloride,  and  upon  phosphoryl  chloride  (POCI5), 
a  numl>er  of  nitrogen  derivatives  are  obtained.  Thus,  when  gaseous  ammonia 
is  passed  over  phosphorus  pentachloride,  and  the  solid  mass  so  obtained  is 
heated  in  a  stream  of  an  inert  gas  until  the  ammonium  chloride  is  driven 
off,  a  white  insoluble  powder  remains  having?  the  composition  represented  by 
the  formula  PN(NH),  to  which  the  na.me  phospham  has  been  given— 

PCl8  +  7NH3=6NH4Cl+PN(NH). 
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FlUMplunTl  Triamid*,  rO(NH^)3,  is  obcaint.'d  by  the  acti<jn  of  gaseous 
ammonia  upon  phosphoryl  chlr>ride — 

I»CX,I,  rr,NH,=r'OiNH,),-t-3NH/:i. 

Whi^  hrat«:rl  out  of  contact  with  air,  phosphoryl  triamide  yields  ammonia 
and  pho%phoryl  nitride,  thtis — 

r'ONIU,=2NH,+  PON. 

PyiopllOiplUUllic  Addl. — Thrre  of  these  compounds  are  known,  which 
may  Us  r^-.garded  as  pyroph^^phoric  acid,  in  which  i,  2,  a^d  3  of  the  (HO) 
groups  have  tjcen  replaced  resfjcclively  by  the  group  (NH^i,  thus — 


I'yroph'Aphoric  acid 
Pyrophosphamic  acid    . 
Pyrriphosphodiamic  acid 
I'yrophosphotriamic  acid 


F»,Oj(HOi^NH,). 

RP^HO^NH,),. 

PjO^HOMNHa),. 


P.S      . 

— 

ivs  . 

— 

I'i-Sa    . 

.     1*40, 

IVS4    . 

.     P.,04 

IVS,    . 

.     PP, 

Compomidl  of  PhOfldlonit  Witll  Bnlphnr.— A  number  of  compounds  of 

(ihrjsphorus  and  sulphur  h:ivc  lx;en  oUained  by  he<tting  together  varying  pro- 

[M/rtion>  ui  sulphur  and   red   phosphr^rus.     I'he  following  compounds   are 

known  :  — 

Anal<>gous  Oxides. 
Ph'^sphoriLs  mon<jsuIphidr*. 

Ph'r»phorus  !»e^»'|uisulphide 

I'hosphorus  tri>,u1pbid(: 

Phoiphorus  tetrasu]phide(.-'> 

Phosphorus  f>entasulphid<: 

PtaOBptaomi  Pentasnlpllide,  PoS-. — This  coni[X)und  is  the  Ije-^t-known 
mrml^T  of  the  scries.  It  is  preparM  by  gently  heating  red  phosphorus  and 
frat;m':nts  of  sulphur,  in  the  profx^rtion  re(|uircd  by  the  formula,  in  a  flask. 
The  <*l»tnifnts  combine  with  energy,  and  on  c(K->ling  a  siilid  mass  is  obtained. 
This  solid  niaterial  is  ihrn  distilled  in  a  current  of  airlxjn  dioxide,  when  the 
fyritasulphide  is  obtained  in  the  form  of  yellow  crystals.  The  comp^jundmay 
■.\Wy  U*  obtain(>d  liy  dissnlvin;;  ordinary  phosjihorus  and  sulphur  in  the  proper 
profjortions  in  carlxm  disulphidc  and  heating  the  solution  in  sealed  tubes 
to  210".  <^n  allowing  the  solution  to  c<x>I,  yellow  crystals  of  the  pentasul- 
phidf  arr  (U'j>osit*'d.  Phosphorus  {)ent.'LsuIphide  is  decomposed  by  water  with 
the  formation  of  orthophosphoric  acid  and  tlie  evolution  of  sulphuretted 
hydrrjgcn  — 

PoS5  +  8Hi.0^2n3r>04  +  5H2i5. 


ABSENIC. 

Symljol,  As.     Atomic  w«-ight  —  75.     Molecular  weight  =  300. 

V:i|>our  density  -=  150. 

Occurrence. — Arsenic  is  found  in  the  free  state  in  nature, 
usually  in  the  fonn  of  small  nodules,  more  rarely  as  distinct  crystals. 
In  combination  with  sulphur  it  constitutes  the  minerals  reaigOTy  or 
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ntby  sulphury  As^S,,  and  orpiment^  As^Sj.  In  combination  with 
metals,  as  arsenides,  it  occurs  widely  distributed,  the  commonest 
ores  being  arsenical  iron^  FeAsj  and  FciAss ;  kupfemickel^  NiAs 
and  NiAsj  ;  and  tin  white  cobalt^  CoAs^.  With  metals  and  sulphur 
it  is  met  with  in  such  minerals  as  arsenical  pyrites^  mispickel^ 
or  white  mundiCy  FeS,,  FcAsj  ;  cobalt  glance^  CoS2,CoAS]  ;  nickel 
glance^  NiSj^NiAs^.  Arsenic  is  present  in  small  quantities  in  most 
samples  of  iron  pyrites,  hence  it  finds  its  way  into  sulphuric  acid 
manufactured  from  pyrites.  It  also  occurs  in  coal  smoke,  being 
derived  from  the  pyrites  contained  in  coal,  and  hence  is  present  in 
the  atmosphere  :  during  the  prevalence  of  yellow  fogs  the  amount 
of  arsenic  present  is  very  appreciable. 

Modes  of  Formation. — On  the  small  scale,  arsenic  is  obtained 
by  heating  a  mixture  of  arsenious  oxide,  AS4O0,  with  powdered 
charcoal — 

As40fl+6C  =  6CO  +  4As. 

On  a  larger  scale  it  is  usually  obtained  either  from  native  arsenic 
or  from  arsenical  pyrites  ;  the  latter  substance,  when  heated,  gives 
up  arsenic,  and  ferrous  sulphide  is  left  behind — 

FeSj,FeAs5=2As  +  2FeS. 

The  mineral  is  heated  in  long  narrow  horizontal  earthenware 
retorts,  into  whose  mouths  are  fitted  earthenware  receivers.  The 
arsenic  volatilises  and  condenses  in  these  receivers  as  a  compact 
crystalline  solid.     It  is  purified  by  redistillation. 

Properties.—  Arsenic  which  has  been  resublimed  is  a  brilliant 
steel-grey  metallic-looking  substance,  forming  hexagonal  rhombo- 
hedral  crystals,  having  a  specific  gravity  of  5.62  to  5.96.  It  is  very 
brittle,  and  is  a  good  conductor  of  heat  and  electricity.  Arsenic 
begins  to  volatilise  at  100**,  and  rapidly  vaporises  at  a  dark- 
red  heat,  passing  from  the  solid  to  the  vaporous  states  without 
liquefying.  The  vapour  has  a  yellow  colour  and  an  unpleasant 
garlic  smell.  When  heated  under  pressure  arsenic  melts  at  500**, 
and  on  cooling  solidifies  to  a  compact  crystalline  mass.  When 
arsenic  is  vaporised  in  a  glass  tube,  in  a  current  of  hydrogen,  it 
condenses  along  the  tube  in  three  distinct  conditions  :  that  which 
is  deposited  nearest  to  the  heated  portion  of  the  tube  is  in  the  form 
of  rhombohedral  crystals  ;  that  which  sublimes  a  little  farther 
along,  and  condenses  at  a  point  where  the  temperature  is  about 
2 10'' -220^,  consists  of  a  black  shining  amorphous  deposit ;  while  at  a 
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still  more  distant  and  cooler  portion  of  the  tube  a  grey  crystalline 
sublimate  is  formed.  These  are  regarded  as  allotropic  modifica- 
tions of  arsenic.  The  amorphous  variety  is  also  formed,  when 
arsenuretted  hydrogen  is  decomposed  by  being  passed  through  a 
heated  tube  {q»v,).  Amorphous  arsenic  is  unacted  upon  by  air  at 
ordinary  temperatures,  and  only  slightly  oxidised  at  80°.  The  grey 
crystalline  variety  is  readily  oxidised  on  exposure  to  air  at  ordinary 
temperatures. 

Amorphous  arsenic,  when  heated  out  of  contact  with  air  to  360*, 
is  converted  into  the  rhombohedral  variety. 

Arsenic,  like  phosphorus, forms  tctratomic  molecules,  its  molecular 
weight  as  deduced  from  its  vapour-density  being  75  X4=3oo. 

When  heated  in  oxygen  arsenic  burns  with  a  bright  bluish-white 
flame,  forming  arsenious  oxide,  As40y.  It  is  oxidised  by  sulphuric 
acid,  nitric  acid,  and  other  oxidising  agents.  It  combines  readily 
with  chlorine,  and  when  thrown  into  this  gas  in  the  condition 
of  powder  it  spontaneously  inflames,  forming  arsenic  trichloride. 
Thrown  into  bromine  a  fragment  of  arsenic  spontaneously  in- 
flames, and  burns  as  it  floats  about  upon  the  surface  of  the  liquid. 

Arsenic,  in  many  of  its  characteristics,  resembles  the  true  metals  ; 
it  is  one  of  those  elements  lying  on  the  borderland  between  true 
metals  and  non-metals,  to  which  the  name  metalloidx^  applied.  It 
is  capable  of  forming  alloys  with  metals,  and  an  alloy  of  this 
clement  with  lead  is  employed  for  the  manufacture  of  shot.  It  is 
found  that  by  the  addition  of  a  small  proportion  of  arsenic  to  lead 
the  melted  metal  is  more  fluid,  and  therefore  more  readily  assumes 
the  spheroidal  form  when  projected  from  the  shot  towcr^  and  on 
solidification  the  alloy  is  considerably  harder  than  pure  lead. 


ABSENURETTED  HTDROGEN  {Arsenic   Trihydridc,     Arsine). 
Formula,  AsHs.     Molecular  weight  =  78.03.     Density =39. 01 5. 

Modes  of  Formation.— ( I.)  Arsenuretted  hydrogen  is  formed 
when  soluble  arsenic  compounds  are  exposed  to  the  action  of 
nascent  hydroi^en  :  thus,  when  a  solution  of  arsenious  oxide  is 
introduced  into  a  mixture  from  which  hydroj^en  is  being  generated, 
such  as  zinc  or  iron  and  dilute  hydrochloric  or  sulphuric  acid, 
arsenic  trihydride  is  obtained,  mixed  with  free  hydrogen — 

As40„  +  24H-4AsIl3  +  6H.O. 
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(2.)  By  the  same  action  of  nascent  hydrogen,  arsenic  trihydride 
is  fomicd  when  a  solution  of  either  arsenious  oxide,  ASfOg,  or 
arsenic  oxide,  As^Oj,  is  subjected  to  electrolysis. 

(3.)  Arsenic  trihydride  is  also  formed  when  arsenical  compounds 
are  in  contact  with  organic  matter  which  is  undergoing  decom- 
position. During  the  growth  of  certain  moulds  and  fungi  a  small 
quantity  of  hydrogen  is  evolved,  which  by  its  action  upon  the 
arsenic  compound,  gives  rise  to  the  formation  of  arsenic  trihydride. 
Hy  this  action  arsenic  trihydride  is  sometimes  formed  in  dwelling- 
houses  where  arsenical  wall-papers  are  employed,  and  where,  from 
dampness  or  other  causes,  mould  develops.* 

(4.)  l^ure  arsenic  trihydride  is  prepared  by  the  action  of  dilute 
hydrochloric  or  sulphuric  acid  upon  an  alloy  of  arsenic  and  zinc — 

As^n3+3H5jS04=2AsH3+3ZnS04, 

or  by  the  action  of  either  water  or  dilute  acid  upon  an  alloy  of 
arsenic  and  sodium,  prepared  by  heating  sodium  in  the  impure 
arsenic  trihydride  obtained  by  method  No.  i. 

Properties. — Arsenic  trihydride  is  a  colourless,  offensive-smell- 
ing, and  highly  poisonous  gas.  Under  pressure  it  condenses  to  a 
colourless  liquid,  which  boils  at  -  54.8*  and  solidifies  at  -ii3-5". 
The  gas  burns  with  a  lilac-coloured  flame,  forming  water  and  white 
fumes  of  arsenious  oxide — 

4AsH3+602  =  As40fl+GHxO. 

When  the  supply  of  air  to  the  flame  is  limited,  as  when  a  cold 
surface  is  depressed  upon  it,  water  is  fonned  and  arsenic  is  deposited 
as  a  shinin*^  black  amorphous  film — 

4AsH3  +  302=As4-f6H550. 

Arscnuretted  hydrogen  is  readily  decomposed  by  heat  into  iis 
elements  :  thus,  when  the  gas  is  passed  through  a  glass  tube,  which 
is  heated  at  one  point  by  a  Bunsen  flame,  arsenic  in  the  amor- 
phous condition  is  deposited  upon  the  tube  immediately  beyond 
the  heated  spot     Even  when  greatly  diluted  with  hydrogen  this 

•  ICxtensivc  exfxriments  on  this  subject  by  C.  R.  Sanger  {Proc.  American 
Aiademy)  have  led  him  to  telieve  that  volatile  orpanic  arsenical  compounds 
are  produced  under  these  circumstances.  No  compound  was  isolated  how- 
ever. 

2  H 
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reaction  takes  place,  and  it  therefore  aflbrds  a  delicate  test  for  the 
presence  of  exceedingly  small  quantities  of  arsenic.     This  method 
for  the  detection  of  arsenical  compounds  is  known  as  AfarsJIfs  Usi^ 
and  may  be  carried  out  by  means  of  the  apparatus  seen  in  Fig. 
126.     Hydrogen  is  generated  in  the  two-necked  bottle  from  zinc 
and  dilute  sulphuric  acid  (which  are  themselves  free  from  arsenic^ 
and  the  arsenic  in  the  form  of  an  oxygen  or  a  haloid  compound  is 
introduced.    On  igniting  the  issuing  gas,  and  depressin^^  a  white 
porcelain  capsule  into  the  flame,  black  stains  of  amorphous  arsenic 
are  produced ;  and  if  the  tube  be  heated  as  shown  in  the  figure^ 
the  arsenic  is  deposited  as  a  black  Aim.    The  corresponding  anti- 
mony compound,  SbH,  (^.7'.),  gives  rise  to  a  similar  deposit  of 
metallic  antimony,  when  treated  in  the  same  way  ;  but  the  arsenic 
deposit  is  readily  distinguished  by  being  easily  soluble  in  a  solu- 
tion of  calcium  hypochlo- 
rite.   Many  metals,  such  as 
sodium  or  potassium,  when 
heated  in  arsenuretted  hy- 
drogen, form  alloys   with 
the  arsenic,  and  hydrogen 
is    set    at    liberty ;    while 
metallic  oxides  when  simi- 
larly treated  form  metallic 
arsenides  and  water. 
Arsenuretted  hydrogen  is  slightly  soluble  in  water,  but  the  solu- 
tion on  exposure  to  air  deposits  arsenic. 

When  passed  into  a  solution  of  silver  nitrate,  metallic  silver  is 
precipitated,  and  a  solution  of  arsenious  oxide  (the  hypothetical 
arsenious  acid,  Hj.^sO^)  is  obtained,  thus — 

AsH3  +  «AgN03+3H.,0  =  3Ag2+CHN03+H3AsO,. 

When  the  gas  is  passed  into  copper  sulphate  solution,  cuprous 
arsenide  is  precipitated  — 

±AsH3  +  3CuS04  =  3HoS04  +  As2Cu3. 

Arsenuretted  hydrogen  is  decomposed  by  the  halogens  with 
encrj^y,  forming  the  haloid  compound  of  arsenic  and  the  halogen 
acid— 

Asir,  +  3C].  =  AsCl3  +  :mCl. 


Fig.  126. 
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Solid  Anenuretted  Hjdrogwn.— When  arsenide  of  potassium  or  sodium  is 
acteci  up<jn  by  water,  a  soft  brown  solid  substance  separates,  which  contains 
equal  atomic  proportions  of  arsenic  and  hydrogen.  Its  molecular  weight  is 
unknown  ;  its  composition  is  therefore  expressed  by  the  formula,  (AsH)n. 


COMPOUNDS  OF  ARSENIC  WITH  THE  HALOGENS. 
The  following  compounds  are  known — 

AsFj ;     ASCI3 ;    AsBrj  ;     Asl,. 

Two  other  compounds  with  iodine  have  been  described  contain- 
ng  the  elements  in  the  proportion  represented  by  the  formula, 
Asl.j  and  AS2I5,  the  molecular  weights  of  which  are  unknown. 

Arsenic  Fluoride,  AsFj,  molecular  weight  =  132,  is  formed  when 
sodium  fluoride  is  heated  with  arsenic  chloride — 


I 


3NaF + AsCl3=3NaCl  +  AsFj. 

It  is  best  obtained  by  distilling  a  mixture  of  arsenious  oxide, 
powdered  fluor  spar,  and  sulphuric  acid  in  a  leaden  retort.  The 
hydrofluoric  acid  generated  by  the  action  of  the  acid  upon  the 
calcium  fluoride  reacts  upon  the  arsenious  oxide,  thus — 

As40a+12HF  =  4AsF3  +  6HsO. 

Properties. — Arsenic  fluoride  is  a  colourless  fuming  liquid, 
boiling  at  6o.4\  It  is  rapidly  decomposed  by  water  into  arsenious 
oxide  and  hydrofluoric  acid..  On  this  account  it  forms  painful 
wounds  when  brought  into  contact  with  the  skin. 

Arsenic  Chloride,  AsCls,  molecular  wcight=  181.35,  i^  ^^' 
tained  when  arsenic  burns  in  chlorine,  or  when  chlorine  is  passed 
over  fragments  of  arsenic  in  a  tube. 

It  is  also  produced  when  either  arsenic  or  arsenious  sulphide  is 
distilled  with  mercuric  chloride — 

2As  +  6HgCl2  =  3HgXl2  +  2AsCl3. 
As.^S3  +  SHgCla  =  3HgS     +  2ASCI3. 

It  is  readily  prepiired  by  the  action  of  hydrochloric  acid  upon 
arsenious  oxide  ;  for  which  purpose  scxlium  chloride,  arsenious 
oxide,  and  sulphuric  acid  are  gently  heated  together  in  a  retort 
connected  with  a  well-cooled  receiver — 

As40o+12HCI  =  4AsCl3  +  (3H20. 
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Properties. — Arsenic  chloride  is  a  colourless,  fuming',  and^omc- 
what  oily  liquid  which  boils  at  130.2°,  and  is  extremely  poisonous. 
In  the  presence  of  excess  of  water,  or  when  added  to  warm  water, 
it  is  decomposed  into  arsenious  oxide  and  hydrochloric  acid. 
With  a  small  quantity  of  water  a  solid  crystalline  arsenic  chlor- 
hydroxide  is  formed,  As(HO)2Cl — 

AsCl3+2H.O  =  2HCl+As(HO)2Cl. 

ArBenioUB  Bromide,  AsHr,.— This  compound  is  formed  by  the  direct  union 
of  arsenic  with  bromine,  and  is  prepared  by  adding  powdered  arsenic  to  a 
solution  of  bromine  in  cnrbun  disulphide.  On  evaporation  the  compound  is 
deposited  in  the  form  of  colourless  deliquescent  crystals,  w^hich  melt  at  ao*  to 
25**  to  a  straw-coloured  liriuid. 

Anenloui  Iodide,  Asl^.  is  obtained  by  heating  a  mixture  of  arsenic  nnd 
iodine.  It  is  most  -conveniently  prepared  by  digesting  a  saturated  ethereal 
solution  of  iodine  with  powderrd  arsenic  in  a  flask  with  a  reflux  condenser. 
On  filtering  and  cooling,  the  iodide  deposits  in  the  form  of  lustrous  red  hexa- 
gonal crystals. 


OXIDES   AND   OXYACFDS   OF  ARSENIC. 

Two  oxides  of  arsenic  arc  known,  both  of  which  act  as  anhy- 
drides— 

Arsenious  oxide As40g. 

Arsenic  oxide  (arsenic  pentoxide) .         .        .     As^O^. 

No  arid  corresponding  to  arsenious  oxide  is  known  in  the  free 
state,  although  the  arsenites  constitute  a  class  of  stable  salts. 

Three  arsenic  acids,  derived  from  arsenic  pentoxide,  arc  known, 
analogous  in  constitution  to  the  three  phosphoric  acids,  namely  — 

Ortho-arsenic  acid        .         .     I-LjAsOj  or  AsO(HO;3. 
Pyro-arsenic  acid  .         .         .     H^As^O;  or  As^O,^^©)!. 
Mctarsenic  acid    .         .         .     HASO3  ^^  AsOjCHO). 


ARSENIOUS  OXIDE. 

Fornuila,  As^O,;.     Mol«'ciil;ir  woi<;hl  — 396. 

Mode  of  Formation.  Arsenious  oxide  is  formed  when  arsenic 
burns  in  air  or  in  oxygen,  or  when  arseni(*  minerals  Jire  roasted  in 
a  current  of  air.  On  a  small  scale  it  may  be  produced  by  burning 
arsenic  in  a  hard  glass  tube  in  a  stream  of  oxygen,  and  allowing 
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ihc  while  fumes  of  arsenious  oxide  to  pass  into  a  glass  cylinder  (as 
shown  in  Fig.  1 27),  where  ihc  greater  part  condenses,  while  the  rest 
is  led  into  a  draught  flue. 

Arsenious  oxide  is  obtained  as  a  secondary  product,  in  the 
nictaUiirgical  process  of  roasting  arsenical  ores  of  nickel,  cobalt, 
tin,  silver,  and  others,  for  ihe  extraction  of  these  metals.  It 
is  also  obtained  as  a  principal  product  by  roasting  arsenical 
pyrites.  The  ore  is  heated  either  upon  the  heanh  of  a  rever-  . 
beratory  furnace,  where  it  is  raked  over  from  time  to  time,  or 
it  is  introduced  by  means  of  a  hopper  into  one  end  of  a  long  clay- 
lined  iron  cylinder,  placed  at  an  incline  of  about  1  in  18,  and  caused 
slowly  to  revolve  about  its  longitudinal  axis  (Fig.  i;8).  The  lower 
end  of  this  cylinder  enters  a  furnace,  the  upper  end  is  connected  to 
a  series  of  brickwork  flues.  The  ore  is  delivered  into  the  upper 
end  of  the  revolving  cylinder,  and  as  it  gradually  gravitates  down 


the  incline,  it  is  completely  roasted  by  the  furnace  flames  which 
pass  over  it,  and  finally  falls  out  into  a  chamber  beneath.  The 
fumes  of  arsenious  oxide  pass  through  a  series  of  cJiambers  or 
flues,  so  arranged  as  to  present  an  extensive  condensing  surface  to 
the  gases,  and  the  crude  product,  known  as  arsenical  soot,  is  from 
time  to  time  collected.  This  is  known  as  Oxland  and  Hocking's 
revolving  calcincr. 

Properties. — Arsenious  oxide,  known  familiarly  as  while  arsenic, 
or  simply  arsenic,  is  known  in  three  modifications — 

(1.)  Amorphous. 

(;.)  Oct.ihedral  crystals  of  the  regular  system, 

(3.)  Prismatic  crystals  of  the  trimetric  system. 
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solution.  When  heated,  the  crystals  vaporise  without  fusion,  but 
when  heated  under  pressure  they  melt,  and  are  converted  into  the 
vitreous  form. 

Prismatic  Arienious  Oxide  is  obtained  by  crystallisation  from  a 
hot  saturated  solution  of  arsenious  oxide  in  potassium  hydroxide. 

Aqueous  solutions  of  arsenious  oxide  possess  a  feeble  acid  re- 
action, probably  due  to  the  formation  of  unstable  arsenious  acid, 
H3ASO3.  The  acid  has  not  been  isolated,  and  on  concentration 
the  solution  deposits  crystals  of  arsenious  oxide. 

Arsenious  oxide  is  a  powerful  poison  :  from  2  to  4  grains  usually 
prove  fatal.  It  is  possible,  however,  by  the  habitual  use  of  it,  to 
so  accustom  the  system  to  this  poison,  that  doses  sufficiently  large 
to  cause  certain  death  to  one  unused  to  it  may  be  taken  with 
apparent  impunity.  The  use  of  arsenic  is  said  to  beautify  the 
complexion,  and  to  improve  the  wind.  The  men  who  are  em- 
ployed upon  arsenic  works  are  constantly  liable  to  swallow  doses 
of  arsenious  oxide  which  would  cause  death  to  one  unaccustomed 
to  the  occupation. 

Arsenites. — Three  classes  of  arsenites  are  known,  which  may 
l)e  regarded  as  being  derived  from  the  three  hypothetical  acids— 

/Silver  ortho-arsenite,  AgsAsOg. 

Ortho-arsenious  acid.  H^AsO,.  or  As(HO)3  S  "^JJ^'nfte Wh^e^l^j  HC^^^        / 

V   green),  J 

'Calcium  pyro-arsenite.Ca^SsOg, 
Barium  pyro-arscnile,  Ba^As^Os. 

pyro^arsenite.    }(NH4)4As,05. 
/  Potassium  tnetarsenite.  KAsO,. 

Metarscnious  acid.  H AsOj,  or  AsO(HO)       i  Acidpotassium \  KASO2.HASO2. 

J    metarsenite,    / 

'  I^ad  metarsenite.  Pb(AsOj)j. 

The  pigment  known  as  Schweinfurt  green  is  a  double  metar- 
senife  and  acetate  of  copper — 

3Cu(AsOj)„Cu(CjH30,)2. 

All  arsenites,  except  those  of  the  alkali  metals,  are  insoluble  in 
water.  When  heated,  most  arsenites  are  converted  into  arsen^?/^^ 
and  arsenic  ;  and  when  heated  with  charcoal  the  whole  of  the 
arsenic  is  reduced. 

Arsenic  Pentoxide,  As-^Og. — This  oxide  is  not  formed  when 
arsenic  burns  in  oxygen.     It  is  obtained  by  the  oxidation  of  ar- 
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Pyro-arseniousacid.  H4AS2O5,  or  AsaO(HO)4-^  Ammonium 
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senious  oxide  by  nitric  acid,  and  subsequently  heating*  the  arsenic 
acid  so  produced,  to  a  dark-red  lieat — 

2H3As04=3H30  +  As204. 

Properties. — Arsenic  pcntoxide  is  a  white  deliquescent  solid, 
completely  soluble  in  water,  with  the  formation  of  arsenic  acid. 

When  strongly  heated  it  breaks  up  into  arsenious  oxide  and 
oxygen — 

2As206  =  As40o+203j. 


ARSENIC  ACIDS   AND    ARSENATES. 

When  arsenic  pentoxide  is  dissolved  in  water,  crystals  are  ob- 
tained having  the  composition  2AsO(HO).„H^O.  At  loo**  these 
melt  and  lose  water,  leaving  ortho-arsenic  acid,  H3ASO4.  By  the 
withdrawal  of  water  from  this  acid,  both  pyro-  and  metarsenic  acid 
are  obtained. 

Heated  l^etwecn  140' and  iSo"",  two  molecules  of  the  "ortho" 
acid  lose  one  of  water — 

2H3As04=H4Aso07  +  H20. 

And  by  heating  the  pyro-arsenic  acid  so  obtained  to  200",  another 
molt  culc  of  water  is  expelled,  with  the  formation  of  metarsenic  acid 
(compure  concspontiifi^  iwids  of  phosphorus) — 

H^As-P-^^HAsOj+HaO. 

Fyro-  and  metarsenic  acids  are  both  crystalline  solids,  which 
dissolve  in  water  with  the  evolution  of  heat  and  formation  of  ortho- 
arsenic  acid  ;  ac|ueous  solutions  of  these  two  acids,  therefore. 
cannot  exist.  In  this  respect  they  differ  from  the  corresponding 
phosphorus  acids,  both  of  which  can  be  obtained  in  aqueous 
solution. 

Each  of  the  three  arsenic  acids  fonns  salts,  of  which  the  following 
arc  exami)les  : — 


Trisodium  orllio-arscnate 
Hydrogen  disodium  ortlio-arsenate 
Dihydrogen  scnlium  ortho-arsenate 
Aniinoniuni  magnesium  ortho-arsenate. 
Sodium  ])yro-arscnate     .         .         .         . 
Sodium  metarsenate       .... 


Na3As04. 

HNagAsO^. 

H.^NaAs04. 

(NH^)MgAs04. 

Xa4Asj07. 

NaAsOy 
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The  salts  of  pyro-  and  metarsenic  acids,  like  the  acids  them- 
selves, only  exist  in  the  solid  state  ;  when  dissolved  in  water  they 
pass  into  the  ortho-compounds. 

The  arsenates  are  isomorphous  with  the  corresponding  phos- 
phates. 


COMPOUNDS   OF  ARSENIC    WITH   SULPHUR. 

Three  sulphides  of  arsenic  are  known,  namely — 

Arsenic  disulphide  (Jound  native  as  Realgar)  .  AS2S2. 
Arsenic  trisulphide  {found  native  as  Orpiment)  .  AsjSj. 
Arsenic  pentasulphide As^S^. 

Arsenic  Disulphide,  AS2S2,  is  formed  when  sulphur  and  arsenic, 
or  arsenic  trisulphide  and  arsenic,  are  heated  together ;  or  by 
heating  arsenious  oxide  and  sulphur — 

As40fl+ 7S  =  SAsjSj+aSOg. 

It  is  prepared  on  a  large  scale  by  distilling  a  mixture  of  iron 
pyrites  and  arsenical  pyrites — 

FeSg,FeAs2+ 2FeS2= AS2S2  +  4FeS. 

Properties. — Arsenic  disulphide  is  a  red,  vitreous,  brittle  solid, 
having  a  specific  gravity  of  3.5.  It  is  readily  fusible,  and  sublimes 
unchanged.  Heated  in  air  or  oxygen,  it  bums  with  a  blue  flame, 
forming  arsenious  oxide  and  sulphur  dioxide — 

2AS2S2  +  702  =  4502+ AsiOe- 

Arsenic  disulphide  is  employed  in  pyrotechny.  So-called  Bengal 
fire  consists  of  a  mixture  of  realgar,  sulphur,  and  nitre. 

Arsenic  Trisulphide,  AS2S3,  is  obtained  by  heating  sulphur 
and  arsenic  in  the  proportion  required  by  the  formula,  and  sublim- 
ing the  compound. 

It  may  readily  be  produced  by  passing  sulphuretted  hydrogen 
through  a  solution  of  arsenious  oxide  in  hydrochloric  acid — 

As40„-H6H2S  =  2As2S3-H6H20. 

Properties.— The  compound,  as  obtained  by  precipitation  with 
sulphuretted  hydrogen,  is  a  pure  canary-yellow  solid,  which  easily 
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melts,  and  on  again  cooling  forms  a  brittle  crystalline  mass.  It 
volatilises  and  sublimes  unchanged,  but  when  heated  in  air  or 
oxygen  it  bums  with  formation  of  arsenious  oxide  and  sulphur 
dioxide. 

Arsenic  trisulphidc  may  bo  regarded  as  a  thio-anhydride,  as  it  gives  rise  to 
a  series  of  salts  known  as  thio-arsenites,  or  sulpharsenitts.  Thus,  when  arsenic 
trisulphide  is  brought  into  a  solution  of  a  caustic  alkali,  such  as  potassium 
hydroxide,  the  sulphide  readily  dissolves  with  the  formation  of  an  anenite  and 
thio-arsenitir,  thus — 

As2S3+4KHO=  HK4ASO5+ HK2ASS3+ HjO. 

Upon  the  addition  of  an  acid,  the  salts  are  decomposed  and  arsenic  tri- 
sulphidc reprecipitaied — 

HK2As03+HKa.'\sS3+4HCl=4Ka+3n20+As2S,. 

Tllio-anenites.  —These  salts  may  be  looked  upon  as  being  derived  from 
three  hypothetical  thio-arsenious  acids,  corresponding  to  the  oxyacids — 


Pyro-thio-arsenious  acid.  H4As2-^5.  ■ 


Ortho-thio-arsenious  acid,  H^AsS..}.      Potassium  ortho-thio-arsenite,  KjAsS^. 

'  Ammonium  pyro  -  thio  -  arsenite. 
(NH,),As^5. 

^  I^ad  pyro-lhio-arsenite,  Pb^As^S^. 
Meta-lhio-arscnious  acid,  HA&S.^         Potassium  meta-thio-arscnite,  KAsS^. 

Thio-arscnites  of  the  alkali  metals,  the  metals  of  the  alkaline  earths,  and  of 
niagni'sium,  are  soluble  in  water,  but  decompose  on  boiling.  Their  solutions 
aro  decomposed  by  ;icids,  with  evolution  of  sulphuretted  hydrogen  and  pre- 

cij)iiation  of  arsenic  trisulphide.  thus   - 

2K  ^XsSg + fiHC:! = OKCl  +  31  lyS  +  AS2S5. 

Arsenic  Pentasulphide,  As.,S5. — This  compound  is  prepared 
by  adding^  an  acid  to  a  solution  of  a  thio-arsenate,  thus — 

2Na;,As^'^4  +  6HCl  =  0NaCl-f3H2S4-As2S6. 

Arsenic  pentasulphide  is  a  yellow,  easily  fusible  solid.  It  is 
readily  soluble  in  caustic  alkalies,  forming  an  arsenate  and  a  thio- 
arscnate  - 

4As.S.  +  l(>KnO  =  ;mKV'\s04  +  .')HKoAsS4  +  4H30. 

Arsenic  i)entasulphi(le,  like  the  trisulphidt',  gives  rise  to  a  scries  of  salts, 
known  as  ihio-arsfiiaiis.  These  may  U^  reijanled  as  Ixring  derived  from  the 
ihn-e  hypothetical  thiu-arsenic  acids  — 

rrriiKJiassiiini  ortho-thio-arst»natc,  K^AsS^. 
Oriho-thio-arsenic  acid,  H-iAsS^. -]  Hv'irogen  disodium  ortho -  thio  -  arsenate, 

\     HXaoAsSj. 
Pyro-thi'varsenic  acid.  H4As._.S;'.       Ma^mfsium  pyro-thio-arsenate,  Mg^As-S;. 
Meia-thio-arsenic  acid,  IIAsS-j.       Ammonium  meta-ihio-arsenate  (NH4)AsSj. 
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AMTIMONT. 

Symbol,  Sb.     Atomic  weight  =  120. 

Occurrence. — Antimony  in  the  uncombined  state  is  found  in 
small  quantities  in  various  parts  of  the  world,  and  notably  in 
Borneo.  In  combination  with  oxygen,  as  Sb^Os,  it  constitutes 
the  mineral  antimony  bloom^  or  white  antimony ;  and  as  Sb204  it 
occurs  in  antimony  ochre.  In  combination  with  sulphur,  as  Sb^S,, 
it  occurs  as  the  mineral  stibnite^  or  grey  antimony  ore^  which  is  the 
most  important  source  of  the  metal ;  and  with  both  oxygen  and 
sulphur,  as  Sb203,2Sb2S3,  it  constitutes  the  mineral  antimony  blende^ 
or  red  antimony. 

It  also  occurs  in  combination  with  sulphur  and  with  metals,  in 
the  fomi  oi  thio-antimonites. 

Modes  of  Formation. — (i.)  Antimony  is  obtained  from  the 
native  sulphide  by  one  of  the  two  following  methods.  The 
broken-up  ore  is  heated  in  plumbago  crucibles  along  with  scrap 
iron.  As  the  mass  melts,  the  sulphur  combines  with  the  iron, 
forming  a  slag  of  iron  sulphide,  and  the  liberated  antimony  settles 
out  beneath — 

SbjSs + 3Fe  =  2Sb  +  3FeS. 

(2.)  The  crude  sulphide  is  first  liquated^  or  melted  in  such  a 
manner  as  to  separate  the  sulphide  from  the  rocky  matter  associated 
with  it.  The  liquated  sulphide  is  then  mixed  with  about  half  its 
weight  of  charcoal,  in  order  to  prevent  the  mass  from  caking,  and 
carefully  roasted.  During  this  process  the  antimony  sulphide  is 
partially  converted  into  antimony  trioxide  (SbaOa).^,  which  passes 
into  flues,  and  is  there  condensed,  leaving  a  mixture  containing 
antimony  tetroxide  (Sb204X  and  unchanged  sulphide.  Most  of 
the  arsenic  present  is  also  oxidised,  and  volatilises  with  the  anti- 
mony trioxide,  while  sulphur  dioxide  escapes.  The  residue,  con- 
sisting of  the  tetroxide  and  sulphide  (known  as  antimony  ash)  is 
mixed  with  an  additional  quantity  of  charcoal  and  with  sodium 
carbonate,  and  heated  to  redness  in  a  crucible,  when  the  changes 
represented  by  the  following  equations  take  place— 

(i.)  Sbjj04  +  4C  =  4CO  +  2Sb. 

By  the  action  of  the  carbon  upon  the  sodium  carbonate,  sodium 
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is  liberated,  which  combines  with  the  sulphur  of  the'trisulpfaide, 
forming  sodium  sulphide  and  metallic  antimony — 

(2.)  Na2C03  +  aC  =  3CO  +  2Na. 
(3.)  SbgS3+GNa  =  3Na.S  +  2Sb. 

The  sodium  sulphide  in  its  turn  unites  with  a  further  quantity  of 
antimony  sulphide,  forming  a  double  sulphide  of  sodium  and  anti- 
mony, which,  mixed  with  the  sodium  carbonate  and  charcoaJ, 
constitutes  the  slag.  The  metal  obtained  by  either  process  is 
subsequently  refined. 

Properties. — Antimony  is  a  bright,  highly  crystalline,  and  ver>' 
brittle  metal,  possessing  a  bluish-white  colour,  and  having'a  specific 
gravity  of  6.7  to  6.8.     It  is  unacted  upon  by  air  or  oxyg^en  at  the 
ordinary  temperature,  but  when  heated  it  burns  brilliantly,  forming 
antimony  trioxide.     The  metal  melts  at  450" ;  and  when  allowed  to 
solidify,  its  crystalline  character  is  seen  by  the  fern-like  appearance 
of  its  surface.     If  a  quantity  of  the  molten  metal  be  allowed  slowly 
to  cool,  and  when  partially  solidified  the  remaining  liquid  portion 
1)0  poured  off,  the  interior  of  the  mass  is  found  to  be  lined  with 
well-formed  rhombohcdral  crystals,  isomorphous  with  .arsenic.     In 
the  art  of  solidification  antimony  expands,  a  property    which   it 
imparts  to  its  alloys,  thus  giving  to  them  the  valuable  quality  of 
taking  very  fine  and  sharp  castings.     The  most  important  of  these 
alloys  are  fype  wr/r?/(lead  75,  antimony  20,  tin  5) ;  stereotype  metal 
(lead  1 12,  antimony  18,  tin  3)  ;  Britannia  metal  {Ha  140,  copper  3, 
antimony  9).     Regarded  as  a  metal,  antimony  is  a  bad  conductor 
of  heat  and  electricitv. 

Dilute  sulphuric  and  hydrochloric  acids  are  without  action  upon 
antimony.  The;  concentrated  acids  convert  it  into  sulphate  and 
chloride  respectively — 

:!Sb  +  (;H.S04  =  3S02  +  «>H,.0  +  Sb/S04)3. 

Antimony  is  oxidised  by  nitric  acid,  dilute  acid  converting  it  into 
antimony  trioxide  or  a  ronii)()und  of  the  oxide  with  nitrogen  pent- 
r.xide,  SI)./).j,:^iN..( )-,  while  strong  acid  oxidises  it  chiefly  into  anti- 
mony Ictroxidt;  and  p(:ntoxiil(\ 

I'outlcrod  antimony,  when  thrown  into  chlorine,  takes  fire 
spontaneously  and  foniis  antimony  trichloride. 

Amorphous  Antimony.  Antimony  is  obtained  in  an  amor- 
phous form  by  the  electrolysis  of  a  st)lution  of  tartar  emetic  in 
antinionv  trlLhlundc. 


Antimony  Hydride  493 

Properties.  -Amorphous  antimony  presents  the  appearance  of 
a  smooth  polished  rod  of  graphite,  and  has  a  specific  gravity  of 
5.78.  It  always  contains  a  certain  quantity  of  antimony  trichloride 
(from  4  to  12  per  cent.) ;  but  whether  this  is  in  chemical  union  or 
merely  mechanically  retained  by  the  metal  is  not  known.  Amor- 
phous antimony  is  very  unstable,  and  readily  passes  into  the 
crystalline  modification  ;  a  slight  blow,  even  a  scratch  with  a 
needle^  causes  it  instantly  to  transform  itself  into  the  stable  form 
with  explosive  violence,  the  temperature  at  the  same  moment 
rising  to  250",  and  clouds  of  the  vapour  of  antimony  trichloride 
being  evolved. 


ANTIMONY  HTDBIDE  {Antimoniuretted  Hydrogen), 

Symbol,  SbHj. 

Modes  of  Fopmation.— (1.)  This  compound  has  never  been 
obtained  in  the  pure  state— as  usually  prepared  it  is  always  mixed 
with  hydrogen.  It  is  formed  when  a  solution  of  antimony  tri- 
chloride in  hydrochloric  acid  is  introduced  into  a  mixture  generating 
hydrogen,  such  as  zinc  and  sulphuric  acid. 

(2.)  It  is  also  found  by  the  action  of  dilute  sulphuric  acid  upon 
alloys  of  antimony  and  zinc — 

SbjZns  +  3H2SO4 = 3ZnS04  +  SSbHa- 

Properties.— Antimony  hydride  is  a  colourless,  offensive-smell- 
ing,  and   poisonous  gas,  closely  resembling  the  corresponding- 
arsenic  compound  in  its  general  behaviour.     It  burns  with  a  violet- 
tinted  flame,  forming  water  and  antimony  trioxide — 

4SbH3  4  60a  =  6HjO  +  Sb40«. 

When  the  supply  of  air  is  limited  water  is  formed  and  antimony 
is  deposited  ;  when,  therefore,  a  cold  object  is  depressed  upon  the 
flame  black  stains  of  metallic  antimony  are  obtained.  The  g?is  is 
easily  decomposed  by  heat,  and  if  passed  through  a  glass  tube 
heated  at  one  point  a  black  deposit  of  antimony  is  formed  upon 
the  glass.  The  antimony  so  deposited  is  insoluble  in  a  solution  of 
bleaching  powder  (see  Arsenic  Hydride).  Antimony  hydride  is 
decomposed  by  the  halogen  elements,  with  the  formation  of  the 
halogen  hydride,  and  the  halpgen  compound  of  antimony — 

SbH3+3Cl,=3HCl  +  SbCl8. 
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Sulphuretted  hydrogen,  under  the  influence  of  sunshine,  converts 
antimony  hydride  into  antimony  trisulphide — 

2SbH3  +  3H2S  =  Sb2S3  +  6H2. 

When  passed  into  silver  nitrate  solution  the  antimony  is  preci- 
pitated in  combination  with  silver,  in  this  way  differing  from  the 
arsenic  analogue — 

SbH3+3AgN03=3HN03+SbAg3. 

COMPOUNDS  OF  ANTIMONY  WITH  THE  HALOGENS. 

The  compounds  represented  by  the  following  formula;  are 
known — 

SbF3  ;  SbClj  ;  SbBrj  ;  Sbl, 
SbF,, ;  SbClft. 

Antimony  Trifluoride,  SbF.,,  is  prepared  by  dissolvinf;^  the  trioxidc  in 
aciucous  hydrofluoric  acid.  From  the  conct.-ntrated  sohition  it  is  deposited  in 
the  form  of  white  deliciuescent  crystals.  It  dissolves  in  water,  and  is  gradu«illy 
converted  into  an  oxytiuoride. 

Antimony  Pentafluorlde.  SbI'V„  is  obtained  when  hydrated  antimony  pent- 
oxide  is  dissolved  in  aqueous  hydrofluoric  acid.  When  the  solution  is  eva[x>- 
rated  the  compound  n.'mains  as  an  amorphous  gum-like  residue. 

Both  of  thi'se  fluorides  exhibit  a  great  tendency  tr>  unite  with  alkaline 
fluorides,  forming;  double  salts,  such  ;is  SbF:,,2KF  ;  Sb?'3,2NH4F,  in  the  case 
of  the  trifluoride  :  ;md  SbFj.  KF  ;  SbF5,2KF,  w.th  the  pentatiuoride. 

Antimony  Trichloride,  SbCl.,,  is  formed  when  chlorine  Js 
passed  over  metallic  antimony,  or  antimony  trisulphide — 

2Sb  +  3CI..=  2ShCl;.. 
iSb.Sa  +  DC!.]  =  4Sba3  +  3SXlo. 

It  may  also  be  obtained  by  the  action  of  boilinjj  hydrochloric 
acid,  conlaininj^^  a  small  quantity  of  nitric  acid,  upon  either  metallic 
antimony,  antimony  trioxide,  or  trisulphide — 

Sb,,S,-ff)nCl  =  2SbCl3  +  3H,.S. 

Properties.  —Antimony  trichloride  is  a  colourless,  deliquescent, 
crystalline  substance,  mcltinj,^  at  73.2'  lo  an  oily  liquid,  which 
aj^ain  solidifies  to  a  soft  translucent  ma^s.  It  is  soluble  in  alcohol 
and  in  carbon  disulphidc,  and  from  the  latter  may  be  crystallised. 
It  may  be  dissolved  in  a  small  quantity  of  water  unchanged.    Thus, 
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if  allowed  to  deliquesce  it  liquefies  in  the  water  it  absorbs,  forminjf 
a  colourless  solution,  which,  upon  evaporation  over  sulphuric  acid, 
again  deposits  cr>'stals  of  the  trichloride.  The  addition  of  larger 
quantities  of  water  results  in  the  formation  of  oxychlorides* — 


&! 


Sba3+   H80=  2HCl  +  SbOa. 
4SbCl3 + 5H,0  =  lOH  CI  +  Sb^OfiClj. 


Continued  boiling  with  water  removes  the  whole  of  the  chlorine, 
forming  the  trioxide — 

Sb405Cl2+H20  =  2IICl  +  Sb406. 

Antimony  chluridc  unites  with  alkaline  chlorides,  forming  double  salts  (sec 
Antimony  Fluoride),  such  as  SbCl3,2NH4Cl;  SbCla.HKCl.  With  potassium 
bromide  it  forms  the  compound  SbCIj,3KBr,  which,  strangely  enough,  ap|)ears 
to  Ije  identical  with  the  double  compound  of  antimony  tribromide  with 
potassium  chloride,  SbBr3,SKCL 

Antimony  Pentachloride,  SbClg,  is  obtained  by  passing  excess 
of  dry  chlorine  over  metallic  antimony,  or  antimony  trichloride,  in 
a  retort,  when  antimony  pentachloride  distils  over  in  the  excess  of 
chlorine — 

SbCl3  +  Cl2  =  SbCl6. 

Properties, — Antimony  pentachloride  is  a  nearly  colourless, 
strongly-fuming  liquid.  It  solidifies,  when  cooled,  to  a  mass  of 
colourless  crystals,  which  remelt  at  -6*.  Under  the  ordinary 
atmospheric  pressure  the  pentachloride  dissociates,  when  heated, 
into  the  trichloride  and  chlorine,  but  under  reduced  pressure  it 
may  be  boiled  and  distilled.  Thus,  under  a  pressure  of  22  mm. 
it  boils  at  79^ 

By  the  regulated  action  of  ice-cold  water,  oxychlorides  are 
formed — 

(I.)      SbCl5+HaO  =  SbOCl34-2HCl. 
(2.)  SbOCl3  +  H20  =  SbO,ci  +  2HCl. 

Antimony  pentachloride,  and  also  the  oxychlorides,  are  con- 
verted by  hot  water  into  pyro-antimonic  acid  (analogous  to  pyro- 
arsenic  and  pyro-phosphoric  acids) — 

2SbCl.,4-7H.p  =  H4Sb.O7  +  10HCl. 
2Sb02Ci4-3H20  =  H4Sb]07+  2HC1. 

•  The  mixed  product  obtained  by  the  action  of  water  upon  antimony  tri- 
chloride is  known  2ls  powder  of  Atgaroth. 
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Sulphuretted  hydrogen  (the  sulphur  analof>'ue  of  water)  acts 
upon  antimony  pentachloride,  forming  antimony  sulphotrichloride, 
corresponding  to  the  oxytrichloride — 

SbCl5+H,S  =  SbSCl3+2HCI. 

Antin)on y  tribromide,  SbBr,,  nnd  antimony  tri-iodidc,  Sbl^,  arc  obtained  by 
adding  powdered  antimony  to  solutions  of  the  halogens  in  carbon  disulphidc, 
from  which  liquid  the  conifKiunds  arc  crystalliMed  :  the  bromide  as  colourless 
delicjuescent  crystals,  and  tin:  iodide  as  hexagonal  ruby-red  crystals.  Both  of 
these  compounds  arc  similarly  acted  ui)on  by  water,  forming  the  oxybromidcs 
SbOlir  ;  Sb^O^Iinj,  and  the  oxyiodides  SbOI ;  Sb40Bls. 


OXIDES  AND  OXYACIDS  OF  ANTIMONY. 

Three  oxides  of  antimony  are  known — 

Antimony  trioxide  (antimonious  oxide)  .    (SbaOj)^  or  Sb40e. 
Antimony  tctroxide  ....     SlxOj. 

Antimony  pentoxidc        ....     Sb^O^. 

No  acids  are  known  corresponding  to  the  trioxide,  although  a  sodium  salt 
of  the  hypothetical  nu'tantimonious  acid,  IlSbOo,  has  been  described,  having 
the  cf)niposilion  NaSbOo,3IIoO. 

Three  acids  arc  known  derived  from  antimony  pentoxidc  which 
are  analogous  to  the  three  arsenic  and  phosphoric  acids — 

Orlhoantimonic  acid  ....     H3Sb04. 

IN'ro.intimonic  acid  .      *  .         .  .     ^1481x07. 

Melantimonic  acid    .....     HSbO^. 

Antimony  Trioxide,  Sb^O,;,  may  be  jircparcd  by  the  addition  of 

hot  water  to  a  solution  of  eitlier  antimony  trichloride  or  antimony 
sulpliate,  and  wasbin}^  the  precipitated  oxide  with  a  solution  of 
sodium  carbonate  to  remove  the  free  acid-- 

4SbCl;,-rf>H,()-Sb/),;+12HCl. 

Properties.     Antimonious    oxide    is   a   white   powder,    which, 

when  volaiiiiscd,  condenses  in  two  distinct  forms,  namely,  pris- 
matic cry^laU  of  the  trinietrit  syst(Mn  and  re^iular  octahedra.  The 
fiMinei  are  (lei)osit(il  nearest  to  ilic  Jieated  material,  the  latter  in 
more  remote  and  cooler  regions.  (See  Arscfiious  Oxidc^  unth 
which  imtimonious  o.\iiic  is  isi)(ii)nof/)hoi(^.)  .Antimonious  oxide 
ib  only  very  slij^litly  >olul)le  in  water,  and  the  solution  is  without 


Antimony  Pentoxide  497 

action  upon  litmus.  It  is  insoluble  in  nitric  or  sulphuric  acid,  but 
is  dissolved  by  hydrochloric  acid  with  formation  of  the  trichloride. 
It  is  readily  soluble  in  tartaric  acid,  and  in  a  boiling  solution 
of  hydrogen  potassium  tartrate  (cream  of  iartar\  giving  rise  to 
potassium  antimony  tartrate,  or  tartar  emetic — 

4H  K(C4H40«)  +  Sb^Oe  =  4(SbO)K(C4H40o)  +  2H2O. 

Antimonious  oxide  burns  in  the  air,  forming  the  tetroxide — 

(Sb203),+0,=2Sb.P|. 

Antimony  Tetroxide,  Sb204,  is  formed  when  the  trioxide  burns 
in  air.  It  may  be  prepared  by  strongly  heating  antimony  pent- 
oxide — 

2Sb806  =  2Sb204  +  Oa. 

Properties. — Antimony  tetroxide  is  a  white  non-volatile  powder 
which  is  insoluble  in  water.  It  is  decomposed  by  boiling  hydrogen 
potassium  tartrate,  forming  tartar  emetic  and  mctantimonic  acid, 
thus — 

HK(C4H40a)-HSbj04  =  (SbO)K(C4H40e)-f  HSbOj. 

Antimony  Pentoxide,  Sb^O^,  is  obtained  by  oxidising  metallic 
antimony  with  nitric  acid,  and  heating  the  antimonic  acid  so 
obtained  to  a  temperature  not  exceeding  27 5^ 

Properties. — Antimony  pentoxide  is  a  straw-coloured  powder, 
insoluble  in  water.  When  heated  to  300"  it  gives  up  oxygen  and 
is  converted  into  the  tetroxide.  Its  feeble  acidic  character  is  seen 
by  its  formation  of  an  alkaline  metantimonate  when  fused  with  an 
alkaline  carbonate — 

Sbj05+NaaC03=C08  f  2NaSb03. 

Antimonic  Acidi  and  Antimonates.— None  of  the  three  antimonic  acids 
can  be  obtained  by  the  action  of  water  upon  the  oxide.  Pyro-antimonic  acid 
is  formed  when  antimony  pentachloride  is  treated  with  hot  water,  and  the 
precipitate  dried  at  loo** — 

2SbCl5 + 7H2O = H4Sb207 + 10  HCl. 

Pyro-antimonic  acid  readily  passes,  by  loss  of  water,  into  metantimonic 

acid — 

H4Sh20;  -  H20=2HSbOj. 

Metantimonic  acid  is  also  formed  by  oxidising  metallic  antimony  by  means 
of  nitric  acid — 

2Sb+4HN03=2HSb03  +  NOa+8NO  +  n20, 

2  I 
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or  by  the  decomposition  of  an  aqueous  solution  of  a  nnetantiiuoiuUe  by  meuB 
of  nitric  acid  — 

KSbO,+  !INOa=  KNOa+  HSbOa. 

On  allowing  the  precipitated  metantimonic  acid  to  remain  for  a  long  tine 
in  contact  with  water  it  is  converted  into  ortho-antimonic  acid,  HjSbOf — 

HSbOa + H,0  =  H,Sb04. 

No  salts  of  ortho-antinionic  acid,  H.^b04,  are  known ;    the  antimonaio, 
therefore,  belong;  to  the  two  ncids,  pyro-antimonic  acid  and  metantimonic  acid— 

Pyro-antimonates^*  Melantimoiutcs.* 

Normal  potassium  pyro-anti-  Potassium  metantimonate,  KSbQ» 

monaie,  K^Sb^Oy. 
Hydrogen    |X3t;iss>ium    pyro-  Barium  metantimonate,  Ba(SbQ|)^ 

antimonate,  IloICgSb^O-. 


COMPOUNDS   OF  ANTIMONY   WITH  SULPHUR. 
Two  sulphides  of  antimony  are  known,  namely — 

Antimony  trisulphide      ....     Sb^Sj. 
Antimony  pentasulphide  .        .         ,     SbjjSi- 

Antimony  Trisulphide,  SboSg.  — This  compound  occurs  nati\'e 
as  the  mineral  stihniie^  or  grey  antimony  ore.  It  is  prepared  b>' 
heating  a  mixture  of  powdered  antimony  and  sulphur  (in  propor- 
tion recjuired  by  the  formula)  beneath  a  layer  of  fused  sodium 
chloride  in  a  crucible.  It  is  also  formed  when  sulphuretted  hydro- 
j|cn  is  passed  through  a  solution  of  antimony  trichloride,  or  a 
solutiim  of  tartar  emetic — 

2SbCl:j  +  3HoS-Sb.S3  4-GHCl. 

Properties.— Antimony  trisulphide  as  it  occurs  native,  and  as 
obtained  by  the  direct  union  of  antimony  and  sulphur,  is  a  grcy- 

*  As  only  two  lyiys  of  anlimfuiatcs  ;ire  known,  and  as  the  salts  of  the  type 
MSIX!);,  an'  llic  U.'st  known,  tho  nam**  iintimonates  was  formerly  applied  to 
them,  and  ll>e  term  uictiintimonnU s  was  j^jiviMi  to  the  salts  bclonjpng  to  the 
olhor  class.  It  is  iM-tter,  howe'vor.  to  adopt  tho  same  system  of  nomenclature 
fo;  iht!  antimony  (.Hinii)ounds  a<  that  which  is  in  use  fcr  tlu!  similarly  constitutod 
arsirnic  and  phosphorus  r()m|K)unds  - 

]Mi<)'>p]i.'itcs.  ArNtMi.-tte^.  Antimonaics. 

Orlho         .         .      M:.P04  M;.As()4  — 

Pvro                   .     M,r..O:  M^As/);  MjShjsO- 

Nlcta                   .     Ml'63  MAsOj  MSbOj 
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black  crystalline  substance  ;  as  prepared  by  precipitation  with 
sulphuretted  hydrogen,  and  subsequently  drying  at  200',  it  is  a 
brick-red  amorphous  powder,  which,  when  melted  and  slowly 
cooled,  solidifies  in  the  cr>'Stalline  form.  Antimony  sulphide  sub- 
limes unchanged  when  heated  in  an  inert  gas,  but  when  heated  in 
air  sulp)liur  dioxide  is  evolved,  and  antimonious  oxide  and  tetroxide 
are  formed.  Heated  with  hydrochloric  acid,  it  evolves  sulphuretted 
hydrogen,  and  forms  antimony  trichloride — 

SbaSj+OHCl^SSbClj  +  SHjjS. 

Antimony  Pentasulphide,  Sb2S5,  is  obtained  when  antimony 
pentachloride  is  mixed  with  water,  and  sulphuretted  hydrogen 
passed  through  the  liquid — 

2SbCli  +  5HjS  =  SbjjS5+10HCl, 
or — 

2Sb02Cl  +  r>HaS  =  Sb2S6  +  4H.p4-iiHCl. 

Properties. — Antimony  pentasulphide  is  a  dark,  orange-red 
powder,  which,  on  being  heated,  is  decomposed  into  the  trisulphide 
and  free  sulphur. 

Hoih  of  tlies<r  antimony  sulphides  may  Iv  regarded  as  thio-anhydrides,  for 
although  no  thio-acids  derived  from  them  are  known,  salts  have  l)cen  produced 
which  may  Ix-  viewed  as  derivatives  of  hypothetical  thio-acids.  When  the 
trisulphide  is  cither  fuseti  with  caustic  |x>tush,  or  lx>iled  in  an  aqueous  solution , 
potassium  thio-antimonite  is  formed — 

2Sb2S3  +  4KHO=8KSbS3+KSb02  +  2HaO. 

Similarly,  when  antimony  pentasulphide  is  dissolved  in  potassium  hydroxide, 
a  mixture  of  antimonate  and  thio-antimonate  is  obtained  — 

4SU;S3H  24KHO=5K3SbS4+3K3Sl>Oi4l2HaO. 

The  following  are  illustrations  of  the  thio- salts  of  antimony — 

Suluhide.  Acids.  Salts. 

/'(Ortho)  11381)83.         Potassium  thio-antimonite,  KaSbS^, 

SlxjSj   .     N  (Mcta)  HSl)S2.  Silver  thio-antimonite,  Ag8l)S^ 

l(Pyro)  H4Sbj|Sg.  I<ead  thio-antimonitr,  PlxjSb.jSft. 

/Potassium  thio-antimonate,  K38bS4. 

...   ..  #-rv    .    »  T.  oit  o.        J  Sodium  thio-antimonate  \  vt„  t-ue 

Sh,S   .    .    (Ortho)  H^bS,.     I         ,.schli,>r,cs  S.U,)         I  ^^'^^*- 

^  Barium  thio-antimonate,  Ba3(SbS4)2. 
Onlv  r)rtho-thio-antimonfz/^j  are  known. 
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BISMUTH. 

Symbol,  Bi.     Atomic  weight =308.5. 

OcCUPPence.— Bismuth  occurs  most  commonly  in  the  uncom- 
bined  condition.  It  is  met  with  in  combination  with  oxygen,  as 
Bi203,  in  bismuth  ochre;  and  in  combination  with  sulphur,  as 
BijSj,  in  bismuth  glance. 

Mode  of  FOPmation. — Bismuth  is  principally  obtained  from 
the  native  metal,  and  from  ores  with  which  metallic  bismuth  is 
associated.  The  broken-up  ore  is  liquated  by  being  heated  in 
inclined  iron  pipes,  when  the  bismuth  readily  melts  and  drains 
away. 

Pure  bismuth  can  be  prepared  from  the  crude  metal  thus  ob- 
tained, by  first  dissolving  it  in  nitric  acid,  forming  bismuth  nitrate 
BiCNOs)},  and  then  precipitating  the  basic  nitrate  by  the  addition 
of  water — 

Bi(N03)34-2H.O  =  (BiO)N03,H.p  +  2HN03. 

The  basic  nitrate  is  next  dried  and  heated  in  a  crucible  with 
charcoal  ;  the  salt  is  first  converted  into  the  trioxide  by  the  action 
of  heat,  and  the  oxide  is  then  reduced  by  the  carbon — 

2(BiO)N03,H.O  =  Bi,,()3  +  N.O4  +  O  +  2H.p. 
Bi,.63  +  3C  =  3CO  +  2Bi. 

PPOpePties. — Bismuth  is  a  lustrous  while  metal  with  a  faint 
reddish  tinge.  It  melts  at  268.3^  If  the  molten  metal  be  allowed 
to  cool  until  partially  solidified,  and  the  remaining  liquid  be  then 
poured  off,  obtuse  rhonibohedral  crystals,  closely  approaching  to 
the  cube,  arc  obtained. 

The  specific  gravity  of  bismuth  is  9.823  ;  it  is  extremely  brittle, 
and  a  poor  conductor  of  electricity.  Bismuth  is  uncicted  upon  by 
dry  air  at  ordinarj'  temperatures  ;  moist  air  tarnishes  its  surface. 
Healed  in  air  or  oxygen  it  burns,  fonning  the  trioxide.  It  is  only 
slightly  attacked  by  hydrochloric  acid,  but  is  converted  by  hot 
sulphuric  acid  into  a  l^asic  sulphate. 

Bismuth  readily  forms  alloys  with  other  metals,  and  imparts  to 
them  the  useful  properties  of  ready  fusibility  and  hardness.  The 
alloys  known  by  the  general  name  q{ fusible  wM// contain  bismuth  ; 
thus,  \Vooii*s  fusible  me/<ii,  which  melts  at  65"*,  consists  of  4  parts 
of  bismuth,  2  of  lead,  i  of  tin,  and  i  of  cadmium. 


Bismuth  Di chloride  501 

COMPOUNDS  OF  BISMUTH  WITH  THE  HALOGENS. 
Compounds  represented  by  the  following  formulae  are  known — 

BiFa  Bids  BiBrj  Bilg. 

-  (BiClj),  (liiBr^),? 

Bismuth  THchloride,  BiCls,  may  be  prepared  by  passing  dry 
chlorine  over  powdered  bismuth  gently  heated  in  a  retort.  A 
yellow  liquid  is  first  formed,  after  which  the  stream  of  chlorine  is 
stopped  and  the  liquid  distilled,  when  the  trichloride  sublimes  in 
the  form  of  crystals.  It  may  also  be  obtained  by  distilling  a  mix- 
ture of  powdered  bismuth  and  mercuric  chloride — 

2Bi  +  6HgCl2  =  3Hg3Cljj  +  aBia3. 

Properties. — Bismuth  trichloride  is  a  white,  extremely  deli- 
quescent cr>'stalline  compound.  Heated  in  an  atmosphere  of 
chlorine,  it  melts  to  a  yellow  liquid.  It  is  decomposed  by  water 
with  the  precipitation  of  bismuth  oxychloride — 

BiCl3+Hj,0  =  2HCl  +  BiOCl. 

Bismuth  Dichloride  (BiCL).^,  is  obtained  by  the  prolonged 
heating  of  mercurous  chloride  and  finely  powdered  bismuth  to  230° 
in  a  sealed  tube.  The  mixture  melts,  and  mercury  collects  at 
the  bottom,  and  on  cooling  the  dichloride  solidifies  as  a  black, 
extremely  deliquescent  solid  upon  the  surface  of  the  mercury. 
When  heated  above  300"*  the  dichloride  is  resolved  into  the  tri- 
chloride and  metallic  bismuth.  The  molecular  weight  of  the 
compound  is  unknown. 

Bismuth  Tribromlde,  BiBrs,  is  prepared  by  gradually  adding  bromine  to 
powdered  bismuth  and  slightly  warming  the  mixture  for  some  time.  The 
bromide  sublimes  in  the  form  of  golden-yellow,  deliquescent  crystals,  which 
are  decomposed  by  water,  forming  oxybromide,  BiOBr. 

Bismuth  Tri-iodide,  Bilj.  is  prepared  by  subliming  a  mixture  of  iodine  and 
bismuth.  Ihe  sublimate  is  afterwards  finely  powdered  and  again  sublimed, 
and  the  product  finally  distilled  in  a  stream  of  carbon  dioxide,  when  it  forms 
durk  gr^>y  crystals  with  a  bright  metallic  lustre.  Boiling  water  decomposes 
the  compound,  with  formation  of  bismuth  oxyiodide,  BiOI. 

COMPOUNDS   OF  BISMUTH   WITH   OXYGEN. 

Four  oxides  of  bismuth  are  known,  namely — 

h'lsmuih  (\\o\\de  (Hypodt'sfftu/Jtous  oxide) .  .  Bi^O^ 

„        trioxide  {Bismuthous  oxide)         .  Bi^O). 

„        tetroxide  (Hypobismuthic  oxide) .  .  Bi^Of. 

„        ^j\\oyi\di^  i^Bismuthic  oxide)        .  .  Bi20^ 
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None  of  these  compounds  is  an  acid-forming  oxide,  although, 
with  the  exception  of  the  first,  they  all  form  hydrated  oxides. 
These  hydrated  oxides  have  no  acidic  prof>erties,  and  no  salts 
have  been  obtained  in  which  the  acidic  or  negative  portion  of  the 
molecule  consists  of  bismuth  and  oxygen.  All  the  four  oxides, 
when  acted  upon  by  acids,  yield  the  same  series  of  salts  in  which 
the  bismuth  fulfils  the  functions  of  a  trivalent  element,  replacing 
three  atoms  of  hydrogen.  In  the  case  of  the  dioxide,  metallic 
bismuth  is  deposited,  thus — 

SHiaO.  +  Gl  L^SO^ =2Bi2(S04)3+ 2Bi  +  6HjO. 

While  with  the  higher  oxides  oxygen  is  evolved — 

Bio06  +  «HN03  =  2Bi(N03)3  +  20  +  3HjO. 

Bismuth  trioxide  is  the  most  stable  and  the  most  important  of 
the  oxides  ;  when  heated  in  air,  the  remaining  three  compounds 
arc  converted  into  the  trioxide  :  the  dioxide  by  oxidation,  and  the 
tctroxide  and  pentoxide  by  loss  of  oxygen.  The  trioxide  alone  is 
unchanged  on  being  heated  in  air  or  oxygen. 

Bismutll  Dioxide,  Hi.jOo.  This  oxide  is  prejxired  by  adding  a  mixed  solu- 
lion  of  bisimilh  trichloriclc  and  stannous  chloride  to  an  «.-xcess  of  a  lo  p)er  cent. 
sr)liiii(>n  of  caustic  potash,  air  l>eing  exchidod  :  potassium  stannate  is  formed, 
and  bismuth  dioxid*;  is  precipitated — 

SnClo  +  2r^ia.,  +  10KnO=Hi.jO2+8KCl-|-K2SnO:,  +  5II.p. 

Properties. — Tlir  precipitated  compound,  after  being  washed  in  dilute 
caustic  poiasli  and  dried  in  vacuo,  is  obtained  as  a  black  crystalline  powder. 
Wht-n  luMt<*d  in  air  it  smoulders,  uniting  with  oxygen  to  form  ihe  trioxide. 
W'lien  nioi>t  it  oxidises  sponlanetnisly- 

lii,O.H-0  =  Hi.O..- 

Bismuth  Trioxide,  Bi.,03,  is  fonncd  when  the  metal  is  burnt  in 
air  or  r>xygcn.  It  may  also  be  obtained  by  heating  the  hydrated 
oxides,  the  carbonate,  or  basic  nitrate,  thus — 

Bi./):,,H,.()-r.i.,(\,  +  H,(). 
ni.^03,C().,  --  Bi.,();,+  CO.,. 
2(BiO)N6,,H/V=BiA  +  :>NO',  4-0  +  L>H,.0. 

Properties. — l»isniuth  trioxide  is  a  r  ream -coloured  powder, 
insoluble  in  and  unacted  upon  by  water,  and  is  the  only  oxide  of 
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bismuth  which  is  unchanged  when  heated  in  the  air  or  in  oxygen.  • 
It  dissolves  in  acids,  forming  salts  of  bismuth — 

Bi2O34-0HNO3  =  3HjO  +  2Bi(NO3)3. 
Bi203+3H3,S04  =  3Hj{04-Bi,(S04)3. 

With  small  quantities  of  hydrochloric  acid  it  first  forms  bismuth 
oxychloride,  BiOCl,  which  dissolves  in  additional  ticid,  yielding 
the  trichloride — 

BijOs  4-  2HCl  =  H,04-2BiOCl. 
BiOCH-2HCl  =  H,0  +  BiCl3. 

None  of  these  compounds  is  soluble  in  water  without  the  presence 
of  excess  of  the  acid.  Water  alone  converts  them  into  insoluble 
basic  salts  and  free  acid,  which  in  the  state  of  extreme  dilution 
is  unable  to  exert  any  solvent  action.  Thus,  in  the  case  of  the 
nitrate  when  water  is  added,  this  compound  is  decomposed  into  the 
basic  nitrate  and  free  nitric  acid — 

Bi(N03)3  +  2H20  =  (BiO)N03,H20  +  2HN03. 

Bismuth    trioxide    forms    three  hydrates,   represented  by   the 

formuUe — 

BiA^HjO.  Bi203,2Hj,0.  Bi203,3HxO. 

These  hydrates  have  no  acid  properties,  and  are  incapable  of 
combining  with  bases  to  form  salts,  but  themselves  play  the  part 
of  a  base,  uniting  with  acids  to  form  bismuth  salts. 

The  trihydrate  is  obtained  by  pouring  an  acid  solution  of  bis- 
muth nitrate  into  an  excess  of  strong  aqueous  ammonia — 

2Bi(N03)3  +  6NH3HiO  =  6NH4(N03)  +  BiA,3Hj40. 

Heated  to  loo"  it  is  converted  by  loss  of  water  into  the  mono- 

li  yd  rale — 

Bi203,3H20  =  Bi,03,H20  +  2H^O. 

Bismuth  Tetroxide,  BijOi,  is  formed  by  the  action  of  potassium 
hypochlorite  upon  the  trioxide,  the  product  being  dried  at  180** — 

Bi203+  KC10  =  BijO^  +  KCl. 

Properties. — Bismuth  tetroxide  is  a  brownish-yellow  powder, 
which  readily  parts  with  an  atom  of  oxygen  and  passes  into  the 
trioxide. 
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Bismuth  PentOXide,  BijO^,  is  prepared  by  passing  chlorine  into 

a  nearly  boiling  solution  of  caustic  potash  in  which  is  suspended  a 
quantity  of  bismuth  trioxide — 

BiP3+4KH04-2Cl:j=4KCH-H20  +  Bij05,HjO. 

Properties.— Bismuth  pentoxide  is  a  red  powder,  which  is 
readily  deoxidised  into  the  tetroxide  and  trioxide  by  heat  It  com- 
bines with  water,  forming  the  hydrate  Bij05,HjO,  but  vith  excess 
of  water  it  is  gradually  deoxidised  into  hydrates  of  the  tetroxide  or 
trioxide. 

Bismuth  pentoxide  is  reduced,  with  evolution  of  oxygen,  by  both 
nitric  and  sulphuric  acids — 

Bi205  +  3H2S04  =  Bi2(S04)s4-3H204-Oj. 

With  hydrochloric  acid  it  behaves  in  the  usual  manner  oif 
peroxides,  causing  the  evolution  of  chlorine — 

Bi.p6+10HCl  =  2Bia,+5H.O  +  CU 

Bismuth  Trisulphide,  Bi^Sg. — This  compound  is  the  only  com- 
pound of  bismuth  with  sulphur  that  is  known  with  certainty.  It 
occurs  native  as  the  mineral  bismuth  jE^iance, 

It  is  precipitated  when  sulphuretted  hydrogen  is  passed  into  a 
solution  of  a  bismuth  salt — 

2Bi(N03)3  +  3H.S  =  Bi2S3+6HN03. 

It  is  also  obtained  by  heating  together  the  requisite  proportions 
of  bismuth  and  sulphur. 

Properties.— As  obtained  by  precipitation,  bismuth  sulphide  is 
a  dark  brown,  almost  black  powder;  the  native  sulphide  forms 
steel-grey  lustrous  crystals. 

It  is  decomposed,  when  strongly  heated,  into  its  constituent 
elements.  Bismuth  sulphide  differs  from  the  corresponding  anti- 
mony and  arsenic  compound  in  not  being  dissolved  by  alkaline 
hydnites  or  sulphides. 
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THE  ELEMENTS  OP  GROUP  I.  (PAMILY  A.) 

This  family  comprises  the  following  five  elements,  known  as  the 
alkali  metals — 

Atomic  Weights.  Meltinjcpotnts. 

Lithium  (Li)     .  .       7.03    ....     180" 

9S.6' 
63.5* 
38- 5" 
26.5'' 

The  most  important  and  the  most  abundant  of  these  elements 
are  potassium  and  sodium,  which  also  were  the  first  to  be  dis- 
covered, having  been  isolated  by  Davy  in  the  year  1807.  The 
clement  lithium,  although  widely  distributed  in  nature,  is  for  the 
most  part  found  only  in  minute  quantities  ;  the  element  was  first 
isolated  by  Hunsen  in  the  year  1855.  The  two  remaining  elements 
are  still  rarer  substances,  usually  met  with  in  very  minute  quantities 
accompanying  sodium  and  potassium.  Both  of  these  elements 
were  discovered  by  Bunsen  by  means  of  the  spectroscope — caesium 
in  i860  and  rubidium  in  the  following  year. 

All  these  elements  are  soft,  silvery-white  metals,  which  may  be 

readily  cut  with  a  knife,  and  which  rapidly  tarnish  in  the  air. 

They  all   decompose  water  at   the  ordinary  temperature.     The 

members  of  this  family  exhibit  that  gradation  in  properties  which 

is  met   with  in   all  similar  families.      Thus,  their  melting-points 

gradually  decrease  as  their  atomic  weights  rise,  as  will  be  seen 

from  the  figures  given  above.     Their  chemical  activity  also  steadily 

increases  as  wc  pass  from  lithium  to  caesium.     Thus,  in  the  case 

of  their  behaviour  in  contact  with  water  :  potassium,  when  thrown 

upon  cold  water,  decomposes  that  liquid  with  sufficient  energy  to 

cause  the  ignition  of  the  hydrogen  which  is  evolved  ;  sodium  under 

the  same  conditions  melts  and  floats  about  upon  the  surface,  but 

the  action  is  not  sufficiently  energetic  to  effect  the  inflammation  of 

the  gas,  unless  the  water  be  previously  heated  ;  while  with  lithium, 

even  with  boiling  water,  the  temperature  produced  by  the  reaction 
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does  not  rise  to  the  ignition-point  of  hydrogen.  The  same  is  also 
seen  in  the  spontaneous  oxidation  of  these  elements  when  they  are 
exposed  to  the  air.  Thus,  lithium  when  cut  with  a  knife,  although 
it  is  soon  covered  with  a  film  of  oxide,  nevertheless  retains  its 
bright  metallic  surface  for  some  seconds  ;  sodium  tarnishes  so 
much  more  quickly,  that  the  film  of  oxide  appears  almost  to  follow 
the  knife.  When  potassium  is  cut  the  bright  sur&ce  can  scarcely 
be  seen,  so  rapid  is  the  oxidation,  and  if  left  exposed  a  fragment  of 
the  metal  soon  begins  to  melt  by  the  heat  of  its  own  oxidation,  and 
frequently  spontaneously  ignites.  With  rubidium  and  caesium  the 
oxidation  is  even  more  rapid,  and  a  fragment  of  these  inetals  freely 
exposed  to  the  air  very  rapidly  takes  fire  spontaneously. 

The  electro-positive  character  of  these  elements  gradually  in- 
creases from  lithium  to  caesium,  which  is  the  most  electro-positive 
of  all  the  known  elements. 

The  term  alkali^  applied  to  metals  of  this  family,  was  originally 
used  (before  any  distinction  was  made  between  potash  and  soda)  to 
denote  the  salt  obtained  by  treating  the  ashes  of  plants  with  water. 
Later  on,  in  order  to  distinguish  between  this  substance  and  what 
became  known  as  the  volatile  alkali  {i,e,  ammonium  carbonate), 
it  was  termed  the  fixed  alkali.  The  first  distinction  between 
potash  and  soda  was  based  upon  the  erroneous  belief  that  the 
former  was  entirely  of  vegetable  origin,  while  the  latter  was  only 
to  be  found  in  the  mineral  kingdom  ;  hence  the  names  i^egetabU 
alkali  and  mineral  alkali  were  used  to  denote  these  two  sub- 
stances, both  of  which  were  regarded  as  elementary  bodies  until 
1S07,  when  Davy  showed  that  they  contained  the  two  metals 
potassium  and  sodium. 

The  resemblance  between  the  different  members  of  this  family 
and  between  their  compounds  is  very  close  ;  so  much  so,  that  in  the 
case  of  sodium,  potassium,  rubidium,  and  caesium,  there  are  scarcely 
any  ordinary  chemical  reactions  by  which  they  can  be  distinguished. 
They  are  all  readily  identified,  however,  by  means  of  the  spectro- 
scope. When  a  minute  quantity  of  a  lithium  salt  is  introduced 
upon  a  loop  of  platinum  wire  into  the  non-luminous  Bunsen  flame, 
the  latter  is  tinged  a  brilliant  crimson-red  colour  ;  a  potassium  salt 
similarly  treated  colours  the  flame  a  delicate  lilac,  while  a  sodium 
compound  gives  a  brilliant  daflfodil-yellow  colour.  The  colour 
imparted  to  a  flame  by  rubidium  and  caesium  salts  is  indistinguish- 
able by  the  eye  from  that  given  by  potassium  compounds  ;  and, 
moreover,  when  any  of  these  are  mixed  with  a  sodium  salt  the 
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intense  yellow  emitted  by  the  latter  completely  masks  ihe  colours 
given  by  the  olhers.  By  means  of  the  spectroscope,  not  only  arc 
ihe  apparently  similar  colours  g-iven  by  potassium,  rubidium,  and 
oiesium  readily  distinguished,  but  the  presence  of  any  or  all  of 
them  is  easily  detected,  even  when  admixed  with  sodium  salts. 
Spectrum  analysis  is  based  upon  the  fact  that  light  of  different 
colours  has  different  degrees  of  refrangibility,  and  therefore  when 
passed  through  a  prism  the  different  coloured  tays  are  bent  out 
of  their  straight  course  at  different  angles.     Ordinary  white  light 


is  composed  of  rays  of  all  degrees  of  refrangibility,  i.e.  rays  of  all 
colours  ;  hence,  when  a  beam  of  such  light  is  passed  through  a 
prism,  the  various  coloured  rays  are  separated  and  become  spread 
out  in  the  order  of  their  refrangibility,  from  the  least  refrangible  red 
at  the  one  extreme  to  the  deep  violet  at  the  other.  This  familiar 
"rainbow"   coloured    band    of  light    is    termed    the   i 


A  simple  form  of  spectroscope  is  seen  in  Fig.  I2g.     The  light  is 
caused  to  pass  through  a  narrow  slit  at  the  end  of  the  fixed  tele- 
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scope  B.  If  the  prism  P  be  removed  and  the  telescope  A  be 
moved  round  so  as  to  be  in  a  continuous  line  with  B,  a  magnified 
image  of  the  slit  is  seen  by  the  observer.  When  the  prism  is 
replaced,  and  A  is  moved  into  such  a  position  that  the  bent  rays 
fall  upon  its  lens,  the  continuous  spectrum  is  seen,  which  is  an 
infinite  number  of  strips  of  light  (corresponding  to  the  image  of  the 
slit)  of  all  colours  arranged  side  by  side.  If  the  light  to  be 
examined,  instead  of  bemg  ordinary  white  light,  were  composed  of 
rays  all  of  one  degree  of  infrangibility  (/>.  monochromatic  light), 
there  would  be  produced  only  a  single  image  of  the  slit,  which 
would  fall  in  that  position  corresponding  to  the  particular  d^ree 
of  refrangibility  of  the  light  Such  a  monochromatic  light  is  pro- 
duced when  a  sodium  salt  is  heated  in  a  Bunsen  flame ;  if,  there- 
fore, a  salt  of  this  metal  be  introduced  upon  a  loop  of  platinum 
wire  into  the  non-luminous  flame  G,  and  the  light,  after  passing 
through  the  prism,  be  observed  through  A,  instead  of  a  continuous 
spectrum,  there  will  be  seen  a  single  image  of  the  slit,  railing  in 
the  brightest  yellow  part  of  the  spectrum.  When  the  sodium  salt 
is  replaced  by  a  lithium  salt,  it  is  seen  that  two  images  of  the  slit 
are  obtained,  one  in  the  red  and  the  other  in  the  yellow  regions  of 
the  spectrum.  The  light  emitted  from  this  element  consists  of  rays 
of  two  degrees  of  refningibility.  We  say,  therefore,  that  the 
spectrum  of  sodium  is  one  yellow  line*  and  that  of  lithium  consists 
of  one  red  and  one  yellow  line.  In  order  to  distinguish  the  posi- 
tions of,  for  example,  the  yellow  lithium  line  and  that  given  by 
sodium,  an  image  of  a  graduated  scale,  illuminated  by  the  candle 
flame  F,  is  also  thrown  into  the  telescope  A. 

If  salts  of  sodium  and  lithium  mixed  together  be  introduced  into 
the  flame  (i,  then  three  images  of  the  slit  are  seen,  namely,  the 
yellow  line  given  by  the  sodium,  the  yellow  line  of  the  lithium, 
situated  slightly  nearer  the  red,  and  the  lithium  red  line. 

Potassium,  like  lithium,  gives  a  light  of  two  degrees  of  refrangi- 
bility, forming  consequently  two  images  of  the  slit,  one  in  the 
deep  red  and  the  other  in  the  deep  violet ;  if,  therefore,  lithium, 
sodium,  and  potassium  s.ilts  are  mixed,  and  examined  by  the 
spectroscope,  five  lines  are  seen  (Fig.  130),  namely,  two  red  (one 
belonging  to  lithium  and  one  to  potassium),  two  yellow  (one 
belonging  to  lithium  and  one  to  sodium),  and  the  violet  line  of 
potassium. 

•  In  reality,  when  examined  by  a  higher  dispersive  power,  the  sodium  line 
is  seen  to  !)e  a  group  of  lines. 
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-  When  analysed  in  this  manner,  the  lights  einiltecl  by  rubidium 
■and  caesium  compiiunds  are  seen  to  be  totally  difTercnl  fmm  each 
V-wher,  and  from  potassium.     The  sperinjm  of  rubidium  consists  of 
T.two  prominent  lines  Jn  Ihc  violet  (nearer  the  blue  region  rhan  that 
I    belonging    to  potassium),  two  brilliant   red   lines  (very   near  the 
potassium  red  line),  and  a  number  of  less  brilliant  lines  in  the 
oningc  yellow,  and  green.     Thai  of  caesium  consists  of  l»-o  bril- 
tiant  blue  lines,  two  bright  red  lines  (near  the  lithium  red  line),  and 
(.a  number  ofless  prominent  lines  in  the  yellow  and  green.     It  will 
1,  therefore,  that   the  three  elements  potassium,  rubidium. 
Band  caesium  may  be  at  once  sharply  distinguished  by  this  optical 
p  method  of  analysis,  although  ihcy  so  closely  resemble  one  another 
In   their  chemical  behaviour,  as  to  render  it  highly  probable   that 
the  separate  existence  of  the  two  latter  would  never  have  been  dis- 
covered by  chemical  methods  alone. 


Indeed,   before   the   discovery  of  c 
mineral  known  as  Pollux  (now  known   t 
mistaken  for  a  polassiuin  mineral.* 

The  clement  lithium,  the  member  of  the  family  that  belongs  to 

the  Typical  serin,  exhibits  certain  characteristic  differences  from 

I    the  other  members.     This  is  seen  particularly  in  the  case  of  the 

carbonate  ar.d  phosphate  of  this  element,     Lithium  carbonate  is  so 

^  soluble  in  water,  that  it  is  precipitated  by  the  addition  of 

f  carbonate  of  cither  sodium  or  potassium  to  a  solution  of  a  lithium 

compound.    The  phosphates  of  all  the  other  members  are  reiidity 

in  tvater,  while  lithium  phosphate  is  almost  insoluble,  and 

5  precipitated  from  solutions  of  a  lithium  salt  by  the  phosphates  of 

sither  sodium  or  potassium.     In  these  two  compounds,  the  car- 

■bonaie  and  phosphate,  lithium  behaves  more  like  one  of  the  mciHls 

|.(if  the  alkaline  earths. 

*  Ttie  biuiicni  aliuuld  consult  {prcial  works  on  tpctiruni  inalysia. 
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All  the  metals  of  this  family  are  monovalent,  and  replace  each 
other,  atom  for  atom,  in  chemical  compounds. 


POTASSIXTM. 

Symlx)],  K.     Atomic  weight =39. 15. 

Occurrence.— In  combination  this  element  is  widely  distributed 
in  nature.  It  forms  an  essential  constituent  of  many  of  the  com- 
mon silicates  and  rocks  which  form  the  earth's  crust.  From 
these  rocks,  by  processes  of  disintegration,  the  potassium  com- 
pounds find  their  way  into  the  soil,  from  whence  they  are  absorbed 
by  plants,  which  can  only  flourish  in  a  soil  that  contains  com- 
pounds of  potassium.  Most  of  the  potassium  found  in  plants  is 
present  in  combination  with  organic  acids. 

From  the  vegetable  kingdom,  potash  passes  directly  into  the 
bodies  of  animals.  The  material  known  as  sut'nf,  which  is  the 
oily  perspiration  of  the  sheep,  that  accumulates  in,  and  is  extracted 
from  the  wool,  consists  of  the  potassium  salt  of  an  organic  acid 
(sudoric  acid).  In  the  form  of  chloride  and  sulphate,  potassium 
is  present  in  sea- water  and  many  mineral  springs.  As  nitrate  it  is 
found  as  a  crystallised  efflorescence  upon  the  soil,  notably  in  Peru 
and  Chili,  where  it  is  associated  with  sodium  nitrate.  The  largest 
supplies  of  potassium  compounds  are  met  with  in  the  great  saline 
deposits  of  Stassfurt,  where  the  clement  is  found  as  chloride  (KCl) 
in  sylvinCy  as  a  double  chloride  of  potassium  and  magnesium 
(KCl,MgCl2,()H.jO)  in  carnaUitc^  and  as  a  mixed  sulphate  in  kainite 
(K2S04,MgS04,MgCy;H.p). 

Modes  of  Formation.— ( I.)  The  method  by  which  Davy  first 
cflfected  the  isolation  of  potassium  was  by  the  electrolysis  of 
potassium  hydroxide  ;  the  method  may  be  illustrated  by  the  ex- 
periment represented  in  Fig.  131.  A  small  quantity  of  potassium 
hydroxide  is  gently  heated  in  a  platinum  capsule,  which  is  con- 
nected to  the  positive  terminal  of  a  powerful  battery.  A  stout 
platinum  wire,  fl.-utcned  out  at  one  end,  is  made  the  negative  pole. 
When  this  is  introduced  into  the  fused  potash,  a  brisk  evolution 
of  gas  takes  place,  and  minute  beads  of  metallic  potassium  make 
their  appearance  in  the  licjuid  and  upon  the  negative  electrode, 
some  of  which  ignite  upon  the  surface.  The  decomposition  takes 
place  according  to  the  equation   - 

2KIIO=H.,4-0..-f-K.,. 


(2.)  Potassium  may  also  be  obtained  by  allowing  melted  potassium 
hydroxide  lo  pass  over  iron  lurninKs  heated  to  whiteness,  when  the 
magnetic  oxide  of  iron  is  formed — 

4KHO+3Fe-FcjO,+2H,  +  2K.. 

This  is  known  as  Gay-Lussac  and  Thinard's  method. 
(3.)  The  method  devised  by  Brunner,  and  modified  by  W3h)er, 


-^p^y. 


Fio.  131. 

Dcville,  and  others,  consisted  in  heating  to  whiteness  an  intimate 
mixture  of  potassium  carbonate  and  carbon.  This  mixture  was 
obtained  by  first  igniting  in  a  covered  iron  pot  crude  tartar  (hydro- 
gen  [Mttassium   tartrate,  or  cream  of  tartar),   which  was  thereby 

decomposed  as  indicated  by  the  equation — 

2HKC,H,0,=K,COi+3C  +  6H,0+4CO. 
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The  charred  mass  was  then  inlroduced  into  a 
Fig.  132),  and  strongly  healed  in  the  furnace,  when  Ihe  pottit 
carbonate  was  reduced  by  the  carbon,  as  follows — 

,s  ihe  potassium  began  to  be  formed,  w 


ascertained  by  the  green  appearance  of  the  vapour,  seen  on  Iookiil| 
in  at  the  open  mouth  of  the  relorl,  Ihe  condenser  was  attached 
This  consisted  of  a  flat,  shallow  iron  tray,  b  (Fig.  133),  upon  wbia 
was  fitted  the  cover  11,  two  portions  being  clamped  together. 

object  of  this  special  form  of  Ci 
denser  is   to   cool   the  poiassiu 
as   rapidly  as   possible,   for  it  J 
found   that   unless    the   metal  f 
quickly  cooled,  tt  combines  md 
the  carbon  monoxide,  forming  .1 
highly  explosive  compound  (U 
lieved    to   ha^'e   the  ^compositid 
K„(CO),|),      By  the  use   1  "     " 
form  of  condensing  apparatus^ 
formation   of  this   compound  j 
reduced  to  a      *  * 
entirely  prevented. 
3.  (4.}  A  more  recent  method  I 

which   pntassiuiii    (and    sodiu 
manufacturing  scale,  was  devised  by  Casta 
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■11886).    In  this  process  potassium  liydrnxidc  is  sirnngly  licaicd 
J»ilh  a  carbide  of  ittiii,  liavint;a|i|]roKJiiiattly  the  rum  posit  ion  CFp^ 
rnmpoiind  is  ohiaincd  by  heating  a  mixture  nf  pitch  and 
biety  divided  iron.) 

The  poiassiiint  hydroxide,  with  the  powdered  carbide  or  iron,  is 

inimduccd  into  lar^r  CRU'Shaped  rclorls,  one  of  wliirh  is  rtpre- 

n  V\g.  134.     These  retorts  are  placed  upiw  hydraulic  lifts, 

Ifo  thai  ihey  can  iw  lowtreil  iiway  finni  rhcii  ro\  ors,  to  ihe  ground- 


]  order  to  \x  disrhnrged  at  the  end  of  the  distillatiun. 
arts  nre  henled  by  gaseous  fuel,  ttnd  the  metal,  as  it  distils, 
Via  passed  into  long  narrow  cast-iron  condensets,  front  wliich  it 
o  iron  pois,  and  is  protected  from  oxidation  by  miner4l 
The  reaction  which  lakes  place  may  he  represented  by  the 


eKHO  +  2C=2K,CO,,+-3H,+2K. 

By  avoiding  any  excess  of  carbon,  no  carbon  mnnovide  ii  pro- 
'  duced,  and  hence  there  is  no  fnmmtion  of  the  explosive  compound 
of  this  gas  Mith  potassium. 
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(5.)  At  the  present  time  potassium  is  manufactured  almost  ex- 
clusively by  electrolytic  methods,  as  described  under  sodium. 

Properties. — Potassium  is  a  lustrous,  white  metal,  which  at 
ordinary  temperatures  is  sufficiently  soft  to  be  moulded  between 
the  fingers ;  at  o"  it  is  brittle,  and  shows  a  crystalline  fracture. 
The  metal  is  readily  crystallised  by  melting  a  quantity  of  it  in  a 
vacuous  tube,  and  when  it  has  partially  solidified,  pouring  the  still 
liquid  portion  to  the  other  end  of  the  tube.  Potassium  melts  at 
62.5**,  and  when  boiled  gives  an  emerald-green  vapour.  The 
mcuil  is  rapidly  acted  on  by  ordinary  air,  its  freshly  cut  surface 
l>ccf)ming  instantly  covered  unth  a  film  of  oxide,  which,  by  absorp- 
tion of  atmospheric  moisture  and  carbon  dioxide,  passes  first  into 
the  hydroxide  and  finally  into  the  carbonate.  Potassium  is  there- 
fore usually  preserved  beneath  naphtha,  or  some  other  liquid 
devoid  of  oxygen. 

When  potassium  is  volatilised  in  a  vacuous  tube,  the  thin  film  of 
metal  which  condenses  upon  the  cool  portion  of  the  tube  is  seen  to 
possess  a  rich  violet-blue  colour,  when  viewed  by  transmitted  light. 
The  density  of  potassium  vapour  is  about  2o(I)ewar  and  Scott),  show- 
ing that  in  the  vaporous  condition  the  molecules  are  monatomic. 

Potassium  dissolves  in  liquefied  ammonia,  forming  a  deep  indigo 
solution  (page  276).  When  potassium  is  thrown  upon  water,  that 
li(|ui(l  is  decomposed  with  sufficient  energy  to  cause  the  ignition 
of  the  liljerated  hydrogen  (page  172).  When  heated  in  carbon 
dioxide,  jiotassium  takes  fire,  forming  potassium  carbonate  and 
carl)on  (page  304).  Heated  in  carbon  monoxide,  it  forms  the  ex- 
plosive compound  already  mentioned.  Potassium  takes  fire 
spontaneously  in  contact  with  the  halogens,  forming  the  haloid 
compounds  of  the  metal.  When  heated  in  hydrogen,  it  absorbs 
the  gas,  forming  a  brittle  lustrous  substance,  which  inflames  spon- 
taneously in  the  air.     This  compound  has  the  composition  K^H^. 

When  heated  in  nitric  oxide,  potassium  bums,  forming  a  mixture 
of  potassium  nitrate  and  nitrite  (Holt  and  Sims). 

Oxides  of  Potassium. — When  potassium  is  heated  in  ordinary 
air,  it  takes  fire  and  bums,  giving  rise  to  a  mixture  of  the  oxides 
of  the  metal.  Pvrfectly  dfj  air  or  oxygen  is  without  action  upon 
potassium. 

Potassium  Peroxide,  K^,04,  may  be  obtained  by  melting  potas- 
sium in  an  atniospliere  of  nitrogen,  and  gradually  displacing  the 
nitrogen  In*  moderately  dry  oxygen.  It  is  also  produced  by  heating 
|>otassinni  in  nitrons  oxide. 
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Potassium  peroxide  is  a  yellow  powder,  which,  when  strongly 
heated,  is  converted  into  the  dioxide  KoO,  and  oxygen.  When 
thrown  into  water  oxygen  is  evolved,  potassium  hydroxide  and 
hydrogen  peroxide  being  formed — 

K,04  +  2H,0  =  2KHO  +  HjO,  +  Oj. 

Ry  the  regulated  combustion  of  potassium  in  nitrous  oxide,  Holt  and  Sims 
have  ohtained  compounds  having  the  composition  K^Og  and  K^Os.  The 
latter,  in  contact  with  the  air,  undergoes  active  oxidation  into  K3O4. 

Potassium  Hydroxide  {caustic  potash),  KHO,  is  prepared  by 
adding  lime  to  a  dilute  boiling  solution  of  f>otassium  carbonate,  in 
iron  vessels,  when  calcium  carbonate  is  precipitated  and  potassium 
hydroxide  remains  in  solution — 

K2COg  +  Ca(HO)a  =  CaC034-2KHO, 

the  reaction  being  complete  when  the  addition  of  an  acid  to  a 
small  test  sample  of  the  clear  liquor  produces  no  effervescence. 
This  reaction  is  a  reversible  one,  and  if  the  concentration  is  beyond 
a  certain  limit,  the  potassium  hydroxide  reacts  upon  the  calcium 
carlx^nate,  refonning  potassium  carbonate.  The  liquid  is  therefore 
constantly  maintained  at  a  certain  state  of  dilution  during  the 
reaction,  at  the  completion  of  which  the  mixture  is  allowed  to 
settle,  and  the  clear  solution  is  then  partially  concentrated  in 
iron  vessels,  and  finally  in  silver,  until  on  cooling  the  substance 
solidifies.     It  is  then  usually  cast  into  sticks. 

Caustic  potash  is  a  white  brittle  solid  ;  it  is  extremely  deliques- 
cent, and  dissolves  in  water  with  evolution  of  heat,  forming  a 
highly  caustic  liquid.  The  solid,  as  well  as  the  solution,  readily 
absorbs  carbon  dioxide,  and  is  employed  in  the  laboratory  for  this 
purpose  when  it  is  desired  to  deprive  a  gas  of  the  last  traces  of  any 
admixed  carbon  dioxide.  A  hot  saturated  solution  of  potassium 
hydroxide,  when  cooled,  deposits  crystals  of  a  hydrate  having  the 
composition  KHO,2HjO. 

Potassium  Fluoride,  KF.— This  salt  is  prepared  by  neutralising 
aqueous  hydrofluoric  acid  with  potassium  carbonate,  and  evaporat- 
ing the  solution  in  a  platinum  vessel,  when  the  salt  is  obtained  in 
the  form  of  deliquescent  cubical  crystals.  Potassium  fluoride  dis- 
solves in  aqueous  hydrofluoric  acid  with  evolution  of  heat,  forming 
the  acid  fluoride  of  potassium,  HF,KF,  which  is  obtained  as  an 
anhydrous  salt  when  the  solution  is  evaporated   to  dryness  and 
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heati^  to  I  lo*.  This  salt  is  not  deliquescent.  When  heated  to  a 
dull  red  heat  it  decomposes  into  the  oonnal  salt  and  hydrodoonc 
acid  (see  p.  350). 

Potatfium  Chloride,  KCL — ^This  salt  is  found  in  sea-water,  and 
was  at  one  time  obtained  as  a  secondary  product  in  the  mannfiictnrc 
of  bromine  from  sea  salt,  and  of  iodine  from  seaweed,  as  well  as  in 
various  other  industrial  processes.  At  the  present  day  it  is  almost 
exclusively  obtained  from  the  enormous  deposits  of  camallite  at 
Stassfiirt.  The  method  by  which  potassium  chloride  is  obtained 
frr^i  this  double  salt,  KClyMgCl^GH^O,  is  based  upon  the  £u:t, 
that  when  dissolved  in  water  the  salt  dissociates  into  its  two 
constituents ;  and  when  the  solution  is  concentrated,  the  more 
insoluble  potassium  chloride  first  separates  out,  leaving  the  mag- 
nesium chloride  in  solution. 

In  practice,  the  crushed  crude  camallite  is  treated  with  boiling 
m^ithcr-Iiquors  from  previous  operations,  in  llrge  tanks  into  which 
steam  can  be  driven.  These  mother-liquors  are  practicaUy  a 
stron>(  solution  of  magnesium  chloride,  and  it  is  found  that  while 
fXitassium  chloride  is  readily  soluble  in  this  liquid,  the  sodium 
chloride  and  magnesium  sulphate  which  are  present  in  the  crude 
rarmillite  are  only  slightly  dissolved  by  it,  and  are  therefore  left 
Ixrhind  in  the  residue. 

The  muddy  liquid  is  allowed  to  settle  for  about  an  hour,  when  it 
is  drawn  off  into  large  iron  crystallising  tanks.  The  salt  which  is 
then  (lefKisitcd  contains  from  80  to  90  per  cent  of  potassium  chloride, 
the  remainder  l>eing  mainly  sodium  and  magnesium  chlorides. 

The  mother-liquor  from  these  crystallising  tanks  is  either  used 
again  for  treating  a  fresh  charge  of  mineral,  or  is  further  evaporated, 
when  crystals  of  camallite  separate  out ;  for  it  is  found  that  when 
the  amount  of  magnesium  chloride  present  is  greater  than  three 
times  the  proportion  of  potassium  chloride  in  the  solution,  the  liquid 
on  rrystailising  deposits  the  double  chloride  of  the  two  metals.  The 
impure  potassium  chloride  from  the  cr>'staHising  tanks  is  purified  by 
washing  with  cold  water,  in  which  the  salt  is  only  slightly  soluble, 
anri  ])y  subsequent  rcrrystallisation.  Potassium  chloride  cr>'stal- 
liscs,  like  the  chlorides  of  sodium,  rubidium,  and  caesium,  in  cubes. 

Potassium  Chlorate,  KCIO3. — When  chlorine  is  passed  into  a 
solution  of  potassium  hydroxide,  a  mixture  of  potassium  chlorate 
and  chloride  is>>btaincd,  thus — 

GKH0  4-3CI.^- KXI03  +  r>KCl  +  3HjO. 
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si; 


The  two  salts  in  solution  may  be  se|)arated  by  cr^'staDisation, 
Ihe  chlorate  being  much  less  soluble  in  cold  water  than  the 
chloride. 

On  the  manufacturing  scale,  potassium  chlorate  is  obtained  by 
passing  chlorine  into  milk  nf  lime,  when  a  mixture  of  calcium 
chloiate  and  chloride  is  formed — 

6Ca(HO),+6CI,=  Ca{C10i),+fiCaCl,+6H,0. 
The  operation   is  conducted    in  cast-iron   cylinders   connected 
"       tt  Fig.  135,  furnished 
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with  mechanical  stirrintf  gear,  a,  b,  b.  The  shaft  and  the  pipes 
conveying  the  chlorine  into  and  from  the  vessel  are  connected  to 
it  by  means  of  the  water-sealed  joints,  c,  e,  e.  The  nwnhole/  is  a 
sliorl  wide  leaden  pipe,  dipping  a  few  inches  into  the  liquid,  which 
allows  of  Ihe  periodic  withdrawal  of  samples  for  examination. 
Several  reactions  are  involved  in  the  Rnal  formation  of  the  calcium 
chlorate ;  in  the  first  case  calcium  hypochlorite  is  pniduccd, 
thus— 

2Ca(HO), + 2C1,  -  Ca(OCI),+ CaCl,-!-  2H  ,0. 

The  calcium  hypochlorite  then  passes  Into  a  mixture  of  chlorate 
and  chloride  in  accordance  with  the  equation — 

3Ca(OCl),=Ca{C10,)j  +  2CaCl^ 

The  second  change  is  brought  about  by  the  operation  of  two 
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causes,  namely,  rise  of  temperature  and  the  presence  of  excess  of 
chlorine.  Heat  alone  is  incapable  of  converting  more  than  a 
small  proportion  of  the  hypochlorite  into  chlorate,  for  the  former 
compound  is  at  the  same  time  decomposed  into  calcium  chloride 
and  free  oxygen.  The  excess  of  chlorine  is  believed  to  act,  through 
the  intervention  of  hypochlorous  acid,  HOCl,  merely  as  a  carrier 
of  oxygen,  reducing  two  molecules  of  calcium  hypochlorite  to 
chloride,  and  oxidising  the  third  to  chlorate,  thus — 

3Ca(OCl)3|  +  2Cl3+2HjO  =  CaCl2  +  4HOCl  +  2Ca(OCl)2= 
2CaClj+Ca(C103)2+2Cl2+2H20. 

The  absorption  of  chlorine  by  the  milk  of  lime  is  attended  with 
evolution  of  heat ;  care  is  taken  to  prevent  the  temperature  from 
rising  above  about  70*,  otherwise  loss  results  by  the  decomposition 
of  hypochlorite  with  evolution  of  oxygen,  thus — 

Ca(OCl)2  =  CaCl2+02. 

When  the  formation  of  calcium  chlorate  is  complete,  the  liquid 
is  allowed  to  settle,  ancf  is  then  run  into  concentrating  pans,  where 
the  requisite  amount  of  potassium  chloride  in  solution  demanded 
by  the  following  equation  is  added — 

Ca(C103Xj  +  2KCl  =  CaCl2  +  2KC103. 

The  liquid  is  then  concentrated  in  iron  pans  and  allowed  to 
crystallise,  when  the  moderately  soluble  potassium  chlorate  sepa- 
rates out,  leaving  the  very  soluble  calcium  chloride  in  solution. 
The  chlorate  is  afterwards  purified  by  recry stall isation. 

Potassium  chlorate,  although  only  moderately  soluble  in  water,  is  much 
more  soluble  in  a  strong  solution  of  calcium  chloride,  hence  there  is  always  a 
loss  (usually  alxmt  10  per  cent.)  of  chlorate  in  this  process.  Pdchineys  pro- 
cess for  obviating  this  consists  in  concentrating  the  liquid  obtained  by  the 
chlorination  of  the  lime  to  a  dehnite  specific  gravity,  and  then  cooling  it  to 
12**,  when  about  78  per  cent,  of  the  calcium  chloride  crystallises  out.  The 
mother-liquor,  containing  all  the  calcium  chlorate  and  only  ttie  comparatively 
small  proportion  of  calcium  chloride,  is  then  treated  with  potassium  chloride 
as  usual. 

Like  so  many  of  the  older  manufacturing  processes,  this  for 
the  preparation  of  potassium  chlorate  is  now  being  displaced  by 
modern  electrolytic  methods.     A  solution  of  potassium  chloride  is 
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electrolysed  in  an  undivided  cell  ;  the  anode  consisting  of  a  thin 
sheet  of  platinum,  and  the  cathode  being  a  vertical  grid  of  copper 
wire.  The  solution  is  caused  to  flow  continuously  through  the 
electrolytic  cell,  the  rate  of  flow  being  so  regulated  that  the  tem- 
perature of  the  liquid  is  maintained  at  about  50**  C,  and  that  the 
proportion  of  chlorate  produced  does  not  rise  above  3  per  cent,  in 
the  liquid.  The  dilute  liquor  is  passed  into  suitable  refrigerators, 
where  the  sparingly  soluble  chlorate  crystallises  out.  The  chemical 
action  may  be  regarded  as  taking  place  in  stages  ;  the  chlorine 
liberated  at  the  anode  there  unites  with  oxygen  and  water,  yielding 
hypochlorous  acid — 

2Cl  +  0  +  H,0  =  2HCIO. 

At  the  same  time  potassium  hydroxide  is  produced  at  the  cathode, 
with  elimination  of  hydrogen.  The  caustic  potash  coming  in  contact 
with  hypochlorous  acid,  or  with  chlorine,  gives  rise  to  potassium 
hypochlorite,  which  reacting  with  hypochlorous  acid  produces 
potassium  chlorate — 

KC10+2HC10  =  Ka03+'2HCl. 

Potassium  chlorate  crystallises  in  white  tables,  belonging  to  the 
monosymmetric  system,  which  when  of  large  size  often  exhibit  fine 
iridescent  colours.  100  parts  of  water  at  o**  dissolve  3.3  parts  of 
the  salt ;  while  at  100%  59  parts  are  dissolved. 

Potassium  chlorate  is  used  largely  in  the  manufacture  of  matches, 
on  account  of  the  ease  with  which  it  gives  up  its  oxygen  :  thus,  if  a 
small  quantity  of  the  finely  powdered  salt  be  carefully  mixed  with 
an  equally  small  amount  of  red  phosphorus,  the  friction  caused  by 
lightly  rubbing  it  with  a  spatula  is  sufficient  to  cause  the  mixture 
to  detonate  violently.  Similarly,  when  powdered  potassium  chlo- 
rate and  sulphur  are  rubbed  together  in  a  mortar,  the  mixture 
explodes  with  violence.  Potassium  chlorate  is  also  largely  em- 
ployed in  pyrotechny,  especially  in  the  production  of  coloured 
effects,  where  a  fiercely  burning  mixture  is  required. 

Potassium  chlorate  melts  between  360*  and  370°,  and  at  a  tem- 
perature about  380*  begins  to  evolve  oxygen. 

Potassium  Perchlorate,  KCIO4.— When  the  chlorate  is  heated, 
it  first  melts  and  begins  to  give  off  oxygen  ;  but  it  soon  begins  to 
partially  solidify,  owing  to  the  formation  of  potassium  perchlorate, 
and  the  evolution  of  oxygen  stops  unless  a  stronger  heat  be 
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applied.  The  reaction  at  this  stage  is  expressed  by  the  equa- 
tion— 

SKClOa^  KCIO4  +  KCl  +  O^. 

J 

9 

m  •• 

The  perchlorate  is  separated  b^^  first  treating  the  residue  with 
cold  water,  which  dissolves  the  greater  part  of  the  chloride,  and 
afterwards  with  warm  hydrochloric  acid,  which  decomposes  any 
remaining  chlorate.    The  salt  is  then  purified  by  crystallisation. 

Potassium  perchlorate  is  very  slightly  soluble  in  cold  water,  100 
parts  of  water  at  o*"  dissolving  only  0.7  part  of  the  salt ;  while  at 
100**,  20  parts  are  dissolved. 

Potassium  Bromide,  KBr,  and  Iodide,  KL— These  two  salts 
are  obtained  by  similar  methods.  When  bromine  or  iodine  is 
added  to  a  solution  of  potassium  hydroxide,  the  reaction  which 
takes  place  is  exactly  analogous  to  that  in  the  case  of  chlorine 
(see  Potassium  Chlorate,  above) — 

6KHO+3Brjj=KBr03  +  5KBr+3H20. 

If  the  solution  so  obtained  be  evaporated  to  dryness,  and  the 
dry  residue  ignited,  the  bromate  (or  iodate)  is  decomposed,  just  as 
potassium  chlorate  is  decomposed  by  heat,  giving  off  its  oxygen, 
and  being  converted  into  bromide  (or  iodide) — 

KBr03=KBr+30. 

The  residue,  on  being  dissolved  in  water  and  recrystallised, 
yields  pure  potassium  bromide  (or  iodide). 

These  salts  are  manufactured  by  decomposing  ferrous  bromide, 
FegBrg  (or  iodide,  Fejig,),  with  potassium  carbonate,  thus — 

Fe3Br8+4K2C03  =  Fe304  +  8KBr  +  4C02. 

.  The  ferrous  bromide  is  obtained  by  adding  bromine  to  moistened 
iron  borings  (see  Manufacture  of  Bromine). 

Potassium  iodide  and  bromide  both  crystallise  in  cubes,  and  are 
both  readily  soluble  in  water.  These  salts  are  chiefly  used  for 
medicinal  and  photographic  purposes. 

Potassium  Sulphate,  K2SO4.— This  salt  is  present  in  the  Stass- 
furt  deposits  principally  as  kainite^  Kj,S04,MgS04,MgCl2,6H30, 
and  as  polyhalite,  K.^S04,MgS04,2CaS04,2HjjO.  When  kainite 
is  treated  with  small  quantities  of  water,  or  mother-liquors  from 
other  processes,    the   extremely   soluble   magnesium   chloride    is 
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removed,  leaving  the  potassium  magnesium  sulphate ;  and  on 
adding  to  this  the  requisite  amount  of  potassium  chloride,  the 
following  change  takes  place — 

K2S04,MgS04+3KCl  =  2KjjS04+KCl,MgClj. 

From  this  solution  the  potassium  sulphate  crystallises  out. 

Potassium  sulphate  is  also  obtained  by  the  action  of  sulphuric 
acid  upon  the  chloride,  by  a  process  corresponding  exactly  to  the 
first  stage  in  the  Leblanc  soda  process  {g.v.) — 

2KC1  +  H,S04=  K2SO4  +  2HC1. 

Potassium  sulphate  forms  colourless  rhombic  crystals,  contain- 
ing no  water  of  crystallisation,  therein  differing  from  sodium 
sulphate,  which  crystallises  with  ten  molecules  of  water. 

Potassium  sulphate  is  largely  used  for  agricultural  purposes. 

Potassium  Carbonate,  K2CO3.— This  salt  was  formerly  obtained 
exclusively  from  the  ashes  of  wood  and  other  land  plants,  and  was 
known  under  the  name  oi  pot-ashes.  The  process  is  still  carried 
on  in  parts  of  Canada  and  the  United  States.  The  wood  is  burned 
in  pits,  and  the  ashes  are  collected  and  lixiviated  with  water 
(with  the  addition  of  a  small  quantity  of  lime)  in  wooden  tubs 
with  perforated  false  bottoms.  The  liquid  which  is  drawn  off  is 
evaporated  to  dryness,  and  usually  calcined  to  burn  away  the 
organic  matter.  This  material,  known  as  American  pot-ashes, 
contains  varying  quantities  of  caustic  potash,  on  account  of  the 
previously  added  lime.  The  so-called  American  pearl-ash  is  a 
purer  product,  obtained  by  concentrating  the  liquor  from  the 
lixiviating  tubs  until  the  less  soluble  impurities  crystallise  out, 
and  finally  evaporating  the  mother-liquor,  containing  the  potassium 
carbonate,  to  dryness,  and  calcining  the  residue. 

Potassium  carbonate  is  also  obtained  from  beet-root  molasses, 
an  uncrystallisable  residue  obtained  in  the  manufacture  of  beet 
sugar,  carried  on  chiefly  in  France.  The  syrup  is  fermented  with 
yeast,  whereby  the  sugar  it  contains  is  converted  into  alcohol,  and 
then  distilled.  The  residual  liquid,  known  as  vinasse^  is  evaporated 
to  dryness  ;  and  from  the  black  residue,  termed  **  vinasse  cinder," 
the  potassium  carbonate  is  extracted. 

Potassium  carbonate  is  obtained  also  from  suint^  which,  as 
already  stated,  contains  considerable  quantities  of  potassium  in 
the  form  of  potassium  sudorate.     The  sheep's  wool  is  lixiviated 
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with  water,  and  the  solution  evaporated  to  dryness.  The  residue 
is  heated  in  iron  retorts,  whereby  the  organic  potassium  salts  are 
converted  into  carbonate,  while,  at  the  same  time,  ammonia  and 
an  illuminating  gas  are  evolved.  The  carbonaceous  residue  is 
extracted  with  water,  and  the  potassium  carbonate  separated  by 
crystallisation. 

Since  the  development  of  the  Stassfurt  potash  supplies,  these 
sources  of  potassium  carbonate  are  rapidly  sinking  into  the  back- 
ground, and  the  bulk  of  this  compound  is  now  manufactured  from 
potassium  sulphate  by  a  process  exactly  similar  to  the  Leblanc 
soda  process  (^.z/.). 

Potassium  carbonate  is  not  manufactured  by  a  method  analogous 
to  the  ammonia>soda  process  (Solvay),  on  account  of  the  too  great 
solubility  of  potassium  bicarbonate  (hydrogen  potassium  carbonate). 

Pure  potassium  carbonate  may  be  obtained  by  igniting  cream 
of  tartar  (see  page  511),  and  extracting  with  water  ;  or  by  heating 
hydrogen  potassium  carbonate,  which  gives  up  water  and  carbon 
dioxide,  thus — 

2HKC03=K2C03+HaO  +  CO.. 

Potassium  carbonate  forms  long  prismatic  crystals  belonging  to 
the  monosymmetric  system,  and  containing  three  molecules  of 
water,  K^COajSH^O.  The  anhydrous  salt  is  highly  deliquescent, 
and  very  soluble  in  water. 

Hydrogen   Potassium    Carbonate  {bicarbomite  of  poiash\ 

HKCO3,  is  produced  by  passing  carbon  dioxide  into  an  aqueous 
solution  of  the  normal  carbonate,  thus — 

K2C03  +  C02+H30  =  2HKC03. 

This  salt  is  much  less  soluble  in  water  than  the  normal  salt,  and  is 
readily  purified  by  crystallisation. 

Potassium  Nitrate  {nitre ^  saltpetre),  KNO3.— This  salt  has 
been  known  since  very  early  times.  It  occurs  as  an  efflorescence 
upon  the  earth,  as  a  result  of  the  oxidation  of  organic  nitrogenous 
matter  in  the  presence  of  the  potash  in  the  soil,  and  is  found  in 
the  neighbourhood  of  villages,  more  especially  in  hot  climates, 
where  urine  and  other  readily  decomposable  organic  matters  rich 
in  nitrogen  find  their  way  into  the  surface  soil.  It  has  been  shown 
that  the  process  of  nitrification  which  results  in  the  formation  of 
nitre  under  these  circumstances  is  due  to  the  action  of  specific 
organisms,  or  microbes,  and  never  takes  place  in  their  absence. 
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At  various  times  this  natural  process  has  been  artificially  carried 
on,  by  mixing  manure  and  other  decomposing  refuse  with  porous 
soil,  lime,  and  wood  ashes,  and  exposing  the  mixture  in  heaps 
which  were  moistened  from  time  to  time  with  drainage  from 
manure.  The  saltpetre  earthy  collected  from  the  natural  sources 
or  from  the  artificial  nitre  plantations^  on  lixiviation  with  water,  and 
subsequent  evaporation,  yielded  crystals  of  potassium  nitrate. 

At  the  present  time  potassium  nitrate  is  almost  exclusively  ob- 
tained from  sodium  nitrate  {Chili  saltpetre)^  by  treatment  with 
potassium  chloride  derived  from  the  Stassfurt  supplies.  The  requi- 
site quantities  of  the  two  solutions  are  run  into  a  tank,  and  heated 
by  means  of  steam,  when  the  following  double  decomposition  takes 
place — 

NaN03+KCl=»NaCl  +  KN03. 

The  greater  part  of  the  sodium  chloride  is  at  once  precipitated, 
and  is  removed  by  canvas  filters.  The  clear  liquid  is  then  allowed 
to  crystallise  in  tanks  furnished  with  stirring  gear,  in  order  to 
cause  the  formation  of  small  crystals,  and  the  nitre-meal  so  ob- 
tained is  purified  by  recrystallisation. 

Potassium  nitrate  crystallises  usually  in  rhombic  prisms,  but  it 
can  also  be  obtained  in  the  form  of  small  rhombohedral  crystals, 
isomorphous  with  sodium  nitrate. 

The  solubility  of  potassium  nitrate  rapidly  increases  with  rise  of 
temperature  (see  Solubihty  Curve,  p.  152).  100  parts  of  water  at 
o**  dissolve  13.3  parts  ;  at  50",  86  parts  ;  and  at  100*,  247  parts. 

Nitre  melts  at  339*,  and  at  a  higher  temperature  loses  oxygen 
and  is  converted  into  potassium  nitrite  ;  on  this  account  it  readily 
oxidises  many  of  the  elements  when  heated  in  contact  with  them. 
Thus,  a  fragment  of  charcoal  or  sulphur  thrown  upon  melted  nitre 
takes  fire  and  burns  with  great  energy  ;  in  the  one  case  with  forma- 
tion of  potassium  carbonate  and  carbon  dioxide,  and  in  the  other 
of  potassium  sulphate  and  sulphur  dioxide — 

4KN03-f6C  =  2K2C03  +  3C08-h2N8. 
2KN03-h2S=   KjS04+  SOaH-Ng. 

Nitre  is  chiefly  used  in  the  manufacture  of  gunpowder  and  in 
pyrotechny. 

(junpowder  is  a  mixture  of  nitre,  charcoal,  and  sulphur.     The  proportions 
in  which  these  ingredients  are  present  varies,  within  small  limits,  according 
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with  water,  :ind  the  solution  eviiporatctl  to  dryness.    The  residng 

is  healed  in  iron  retorts,  whereby  the  organic  potassium  Siilts  arfl 

converted  into  carbonate,  while,  ai  the  same  ti: 

an  illuminatin);  gas  are  evolved.     The  carbonaceous 

extracted  with  water,  and  the  putasslutn  carbonate  separated  b|d 

crystallisation. 

Since  llic  development  of  the  Stassfurt  potash  supplies,  thes 
sources  of  potassium  carbonate  are  rapidly  sinking  into  ihe  bad 
ground,  and  the  bulk  of  this  compound  is  now  manufadured  ftoisj 
potassium  sulphate  by  a  process  exactly  similar  lu  Ihe  Leblanj 
soda  process  (^.t/.)- 

Potassium  carbonate  is  not  manufactured  by  a  method  anatogm 
to  the  ammonia-soda  process  (Solvay),  on  account  of  the  ' 
solubility  of  potassium  bicarbonale  (hydrogen  potassium  carbonat(i]|| 

Pure  potassium  carbonate  may  be  obtnined  by  igniting  crea 
of  tartar  (see  page  511),  and  extracting  with  water  ;  or  by  heatinn 
hydrogen  potassium  carbonate,  which  gives  up  wa 
dioxidci  thus — 

2HKCOij-K,COa+HjO  +  CO.. 

Potassium  carbonate  forms  long  prismatic  crystals  belonging  I) 
the  monosymmetric  system,   and   containing  three   molecules 
water,  KjC0],31l,0.     The  anhydrous  salt  is  highly  deliquesce^ 
and  very  soluble  in  waver. 

Hydrogen    Potassium    Carbonate  (Jncarbonate  of  pviasA 
HKCO,,  is  produced  by  passing  carbon  dioxide  i 
solution  of  the  normal  carbonate,  thus — 
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"*  ^T^"****™  ""^  «t»cr  demmpnuiiB  trh»o  aitti  t<oniu» 
■tffli^..  ***^  ■****^  "x*  "Pttwotf  ibc  mature  m  beun 
^•W  m«,en«!  frun,    t.mr    to    .i...c    .i.h    Jr.m*Br    ft,«. 

.^^^TJP*'*™'  "">'■  l".U--.,:i,n  nilrjtc  »  alm.wl  rxvlu.iiply  «tb- 

■  'iiBi!!r"L'"''™"    "'"^'c  (f-*^  ju/^^rf/v),   hy  ttiaimctu   iHtk 

^'^^i  chfcridc  dcrinnl  &««n  ihe  Swwfart  mpfOtn.    Tint  mx**- 

•inBUiia  of  (br  two  soloMMu  are  ran  into  a  uuOi.  ■ml  bfi*t*4 

ll,^^^  **  *>e«n, -b«i  ihe  foUowing  do«We  €leCTM«i|w«iKii»  t*kr« 

NaNO,+Ka-Naa+KN(V 

XYk  ilnir  U|uat  n  ihiru  .i)k>«<Mt 
nilb  ■llinDK  limi,  Un  ii*«kl  lit 
>  >i^K  "Ml  Ih*  at^i-wnW  »  .ai 

'<M;i<i«ui»  niirate  ciritiitlacs  imulljr  in  iluiattMt    iwttMu.  tw<   it 
uImi  be  obiUDcd  in  the  limn  of  Muall  ihuinh>t)Hnliul  LiMi«k^ 
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to  the  special  kind  of  powder,  as  will  be  seen  from  the  following  table  (Abel 
and  Nobel),  giving  analyses  of  various  powders  manufactured  at  Waltham 
Abbey. 


• 

Fine-Grain. 

Rifle 
Fine-Grain. 

Rifle 
,  liarge-Grain. 

Pebble 
Powder. 

74.67 

0.09 

zo.  07 

14.  aa 

0.95 

1 

Potassium  nitrate 

,,          sulphate 
Sulphur       .... 
Charcoal     .... 
Water         .... 

L         ..  .-      ..—           .  _                                         ... 

73-55 
0.36 

10.02 

M-59 
1.48 

75-04 
0.X4 

9.93 
14.09 

0.80 

1 

74-95 

0.15 

10.27 

13-52 

X.XI 

1 

These  proportions  are  very  close  to  those  which  would  be  demanded  by  the 
equation — 

2KrTb3+S-F3C:=K2SH-3C02-FN2. 

which  was  at  one  time  supposed  to  represent  the  change  which  takes  place 
when  gunpowder  ii>  exploded.  In  reality  the  decomposition  is  much  more 
complex,  and  it  has  been  shown  that  the  solid  products  consist  of  mixtures  of 
Ihf  following  substances  in  varying  proportions,  depending  upon  the  particular 
powder,  and  the  conditions  of  firing — 


Potassium  carbonate. 
, ,  sulphate. 

,,  sulphide. 

,,  thiosulphate. 

, ,  thiocyanatc. 

While  the  gases  that  are  evolved  consist  of — 

Carbon  dioxide. 
Nitrogen. 
Carbon  monoxide. 
Sulphuretted  hydrogen. 


Potassium  nitrate. 
, ,  oxide. 

Ammonium  sesquicarbonate. 
Carbon. 
Sulphur. 

Marsh  gas. 

Oxygen. 

Hydrogen. 


From  the  combustion  of  one  grammt;  of  powder  the  total  weight  of  solids 
ranges  from  0.55  to  0.58  gramme,  and  the  total  weight  of  the  gaseous  products 
from  0.45  to  0.42  gramme. 

Potassium  Cyanide,  KCN.— This  salt  is  manufactured  from 
potassium  ferrocyanide,  which  is  first  obtained  by  heating  in  an 
iron  pot  a  mixture  of  scrap  iron,  crude  potashes,  and  waste  animal 
refuse,  such  as  hoofs,  horns,  hide,  &c.  The  complex  changes  which 
take  place  do  not  at  once  result  in  the  formation  of  the  ferrocyanide, 
as  this  salt  is  unstable  at  high  temperatures,  but  in  the  production 
of  various  compounds  (the  very  stable  salt  potassium  cyanide 
amongst  them)  which,  when  the  mass  is  subsequently  treated  with 
water,  interact,  with  the  fomiation  of  potassium  ferrocyanide.     The 
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aqueous  extract  is  allowed  to  cr>'stallise,  and  the  ferrocyanide  is 
obtained  as  large  lemon-yellow  prisms,  with  three  molecules  of 
water.  When  this  compound  is  dried  and  heated  alone  it  decom- 
poses into  potassium  cyanide,  free  nitrogen,  and  a  carbide  of  iron — 

K4Fe(CN)e=4KCN  +  N2-|-FeC2. 

By  heating  the  ferrocyanide  with  potassium  carbonate  a  larger 
yield  of  the  cyanide  is  obtained,  mixed  with  potassium  cyanate — 

K4Fe{CN)e+K2C03  =  GKCN  +  KCNO-|-Fe  +  C02. 

For  many  commercial  uses  for  which  potassium  cyanide  is 
required  the  pressure  of  this  cyanate  is  not  detrimental. 

If  potassium  ferrocyanide  be  heated  wfth  metallic  sodium  the 
whole  of  the  cyanogen  it  contains  is  converted  into  alkali  cyanide 
(Erlenmeyer) — 

K4Fe(CN)e-H2Na  =  4KCN-H2NaCN-|-Fe. 

The  mixed  potassium  and  sodium  cyanide  thus  obtained  is  well 
suited  for  the  technical  processes  for  which  cyanide  is  required. 

Potassium  cyanide  is  a  white  solid  which  is  extremely  soluble  in 
water,  from  which  it  crystallises  in  white  anhydrous  plates.  When 
heated  the  salt  readily  fuses,  but  is  stable  at  very  high  tempera- 
tures, being  capable  of  being  volatilised  without  decomposition.  In 
the  fused  state  it  is  a  powerful  reducing  agent,  taking  up  oxygen 
to  yield  potassium  cyanate,  KCNO. 


COMPOUNDS   OF   POTASSIUM    WITH   SULPHUR. 
Four  sulphides  of  potassium  have  been  obtained,  namely — 

Potassium  nionosulphide K<|S 

Potassium  trisulphide ^A 

Potassium  tctrasulphide KaS4 

Potassium  pentasulphide l^^s 

Just  as  potassium  decomposes  water  with  evolution  of  hydrogen 
and  fomiation  of  potassium  hydroxide,  so  also,  when  heated  in 
sulphuretted  hydrogen  (the  sulphur  analogue  of  water)  it  forms 
potassium  hydrosulphide  (the  analogue  of  potassium  hydroxide) 
and  liberates  hydrogen,  thus — 

H2S  +  K  =  KHS-f-H. 
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When  potassium  hydroxide  and  hydrosulphide  are  mixed  in  equi- 

molecular  proportions,   potassium  monosulphide  and  water  are 

formed — 

KHO  +  KHS  =  KjS  +  H,0. 

The  liquid,  on  evaporation  in  vacuo,  deposits  reddish  prismatic 
dehquescent  crystals  having  the  composition  KjSjSHjO. 

When  potassium  carbonate  and  sulphur  are  heated  together  a 
mixture  of  the  higher  sulphides  of  potassium  with  potassium  thio- 
sulphate  is  obtained,  thus — 

3K2CO3+  8S  =  2K2S3  +  K,S20s+3COj. 
SKjCOa  + 1 2S  =  2X285 + K2S2O3  +  aCOj. 

The  reddish  -  brown  solid  product  was  named  by  the  early 
chemists  hepar  sulphuris^  or  **  liver  of  sulphur." 


SODITJM. 

Symbol,  Na  =  23.05. 

Occurrence. — The  most  abundant  natural  compound  of  sodium 
is  the  chloride,  which  is  present  in  sea-water  and  in  many  salt 
lakes  and  springs.  Enormous  deposits  of  sodium  chloride  or 
rock-salt  are  found  in  Cheshire,  Lancashire,  and  other  parts  of 
the  world.  As  nitrate,  this  element  occurs  in  large  quantities  in 
Chili  and  Peru,  and  ia  combination  with  silicic  acid  it  is  a  con- 
stituent of  many  rocks. 

Modes  of  Formation. — Sodium  was  first  isolated  by  Davy,  by 
the  electrolysis  of  sodium  hydroxide.  On  a  manufacturing  scale 
it  has  been  obtained  by  the  various  processes  described  under 
potassium,  the  history  of  the  commercial  preparation  of  these  two 
elements  being  practically  identical.  Sodium,  however,  does  not 
form  any  explosive  compound  with  carbon  monoxide,  so  that  the 
manufacture  in  this  case  has  been  free  from  this  difficulty. 

At  the  present  time  sodium  (and  also  potassium)  is  almost  ex- 
clusively obtained  by  electrolytic  methods. 

(i.)  Castner^s  Process. — This  method  consists  in  the  electrolysis 
of  fused  sodium  hydroxide,  and  is,  in  fact,  simply  the  original 
process  by  which  Dax^y  first  obtained  the  metal  adapted  to  modern 
resources  of  electrical  power.  The  apparatus  employed  is  shown 
in  section  in  Fig.  136.     The  caustic  soda  is  contained  in  an  iron 
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pot  P;  aei  in  suliabic  brick-work,  and  is  kept  in  a  melted  state  by 
n  ling  of  E'ls  flnmes  l>elow.  Through  the  boltom  of  lliis  vessel 
piisscs  tlie  cathode,  which  is  mnintained  steady  in  its  position  by 
the  caustic  snda  in  the  lower  and  narrow  pari  of  vessel  P  being  in 
the  solidified  stale.  The  anodes  A  arc  suspended  from  above 
round  the  cathode,  and  are  prevented  from  touching  it  by  means 
of  a  wirework  cylinder  which  hangs  from  the  vessel  V.  This  vessel 
i'i  an  iron  cylinder  having  a  ltd  at  the  top,  and  is  the  receiver  in 
which  the  sodium  collects. 

The  products  of  the  electrolysis  are  oxygen,  hydrogen,  and 
sodium.  The  oxygen  liberated  at  ihe  anodes  escapes  by  the 
opening  O  in  the  lid.  The 
sodium  floats  up  lo  the  sur- 
face of  the  molten  caustic 
in  the  receiver  V,  and  is 
withdrawn  from  time  to 
time  by  means  of  a  per- 
forated ladle,  which  allows 
the  caustic  to  drain  through, 
hut  holds  the  litjuid  metal, 
owing  to  the  extremely  high 
surface  tension  of  the  latter. 
The  hydrogen  which  is  also 
liberated  at  the  cathode 
escapes  through  the  loosely 
fitting  lid  of  the  receiver,* 

(2.)  llorcktri  Process.— 
It  will  be  evident  from  an 

economic  (and  therefore  the  manufacturer's)  point  of  view  that  the 
hydrogen  liberated  in  the  above  process  represents  wasted  electrical 
energy.  Many  attempts,  therefore,  have  been  made  lo  substitute 
fused  sodium  chloride  for  the  hydroxide.  The  practical  difficulties  to 
be  overcome  in  this  case  are  more  serious,  owing  partly  to  the  higher 
lcni])Crature  required,  and  also  to  the  corrosive  action  exerted  by 
ihc  fused  chloride  upion  the  materials  of  which  the  vessels  arc 
constructed.  On  the  other  hand,  it  will  be  evident  that  both  the 
products  of  the  electrolysis  in  this  case  will  have  commercial 
taliic.     Itorchers'  apparatus  is  shown  in  section  in  Fig.  137.     It 

linghani,  and 
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coiisisis  esseniially  of  a  U-iul>e  iniide  in  Ivii  patis,  ihe  wide  limbH 
being  of  fireclay  and  ihe  iiiLirow  piirt  of  iinn,  the  two  parts  being  I 
clamped  together.  To  prevent  leakage  al  the  joint,  a  square  I 
lube  W  Is  interposed  between  the  two  parts,  which  is  kept  cool  by  I 
a  flow  of  water  through  it.  This  causes  the  solidification  of  lbs  I 
sodium  chloride  in  ihc  form  of  a  layer  all  round  the  junction,  f 
Chlnrine  is  Itbeiviied  at  the  anode  and  escapes  by  ibe  pipe  Pjf 
I  limb  C  is   itself  the  cathode,  and  ihe  sodium  Iber 


produced  overlloM-s  down  the  side  pipe   into  a  suitable  r 
Fresh  sodium  chloride  is  added  as  required  through  ihe  tube  D. 

Properties.— Sodium  closely  resembles  potassium  iu  its  general'  I 
properties.  Il  is  a  soft,  white  metal  which  can  be  readily  inouldecl:  1 
by  the  finwers,  and  is  easily  pressed  into  wire.  At  —  ;o°  it  is  hard.  \ 
The  colour  of  sodium  vapour  is  violet,  while  the  colour  exhibited  I 
by  a  Ihin  film  of  Ihe  metal,  obtained  by  sublimation  in  vacuo. 
greenish*blue.  The  vapour-density  of  sodium  is  about  12  (De? 
and  Scott),  showing  that  this  metal  in  the  vaporous  state 
mmialomic. 

Like  potasiium,  sodium  dissolves  in  liqMid  ammonia,  yielding  a  | 
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blue  solution.  When  heated  in  the  air,  sodium  bums,  forming  the 
peroxide,  Na^Oj.  Perfectly  dry  air  or  oxygen  is  without  action 
upon  the  metal 

When  heated  in  hydrogen,  sodium  forms  the  hydride,  NaiH^, 
analogous  to  the  potassium  compound,  but  not  spontaneously  in- 
flammable in  air.  When  this  is  heated  to  about  300**  in  vacuo  the 
whole  of  the  hydrogen  is  evolved. 

Alloy  of  Sodium  and  Potassium.— When  these  two  metals  are 
melted  together  beneath  petroleum  an  alloy  is  obtained  which  is 
liquid  at  ordinary  temperatures.  When  prepared  and  preserved 
out  of  contact  with  air  the  alloy  resembles  mercury  in  appearance. 
This  alloy  is  employed  in  the  construction  of  thermometers  for  regis- 
tering high  temperatures,  where  mercury  would  be  inadmissible. 

Oxides  of  Sodium. — Two  oxides  are  said  to  exist,  viz.,  sodium 
monoxide,  Na^O,  and  sodium  dioxide,  or  peroxide,  Na202. 

Sodlltm  Koaozide,  Na^O,*  is  said  to  be  obtained  by  burning  sodium  in 
nitrous  oxide  at  a  temperature  not  higher  than  180°. 

Sodium  Peroxide,  Na^O^,  is  obtained  by  allowing  sodium  to 
bum  briskly  in  oxygen.  It  is  a  yellowish-white  solid,  which  de- 
composes in  contact  with  water,  with  considerable  rise  of  tem- 
perature and  evolution  of  oxygen — 

Na.A+H20  =  2NaHO  +  0. 

The  oxygen  which  is  evolved  contains  appreciable  quantities  of 
ozone.  WTien  sodium  peroxide  is  slowly  added  to  water  or  to  dilute , 
hydrochloric  acid  in  the  cold,  hydrogen  peroxide  is  formed — 

NajOj+2H20  =  2NaHO  +  H202. 

Owing  to  the  readiness  with  which  it  gives  up  oxygen,  sodium 
peroxide  is  a  powerful  oxidising  agent,  and  as  such  finds  many 
uses  in  the  laboratory.  Thus  it  readily  converts  chromic  com- 
pounds into  chromates. 

Sodium  peroxide  forms  a  crystalline  hydrate  of  the  composition, 
Na20^,,8H20  (page  228).     When  heated  in  either  nitrous  or  nitric 

•  Considerable  doubt  has  been  thrown  upon  the  existence  of  this  oxide. 
Rrtlmann  and  Kcithner  {Annitien  der  Chemif,  Nov.  i8<)6)  have  shown  that 
nibidium  and  potassium  do  not  form  oxides  of  the  type  R.jO.  And  although 
lithium,  the  first  member  of  the  series,  undoubtedly  yields  the  oxide  LigO,  it 
appears  doubtful  whether  sodium  is  capable  of  forming  a  similar  compound. 

2  L 
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ftxides  ii  yields  sodium  niirite  ;  in  ilie  former  case  w 
tion  of  nilrogen— 

Na,0,  +  2NjO  =  2NaNOj+NV 
NlIjOi+3NO  =2NaNO^ 

Sodium  Hydroxide  {caiistif  snd't),  NaHO.— This  compound  b  -I 
prcMluced  when  sodium  is  brought  into  contact  with  water,  and  alsO'  | 
when  cither  sodiuni  monoxide  or  peroxide  is  dissolved  in  water.  I 
On  the  large  scale  caustic  soda  is  prepared  by  the  action  of  lim*  1 
upon  a  boiling'  solution  of  sodium  carbonate  (sec  Caustic  I'olash). 

The30-caJled/an^/i^Mori(obtainedin  the  manufacture  of  sodium  1 
carbonate  by  the  Leblanc  process,  ^.i'.)  are  licaled  to  ihe  boiling- 
pninl,  and  an   excess  of  lime  is   stirred  into  the  mixture.     Thfl  I 
sodium  sulphide  jjrt^ent  in  the  tank  liqvigr  is  oxidised  into  sulphate  I 


by  the  combined  action  of  air  injected  into  the  mixture,  and  of  I 
sodium  nitrate,  which  is  added  for  this  purpose.  The  liquor,  aflei  j 
being  causiicised,  is  decanted  or  filtered  from  the  precipitated  1 
calcium  carlionale,  and  is  concentrated  in  large  cast-iron  hemt-  , 
spherical  pans.  The  decomposition  suffered  by  the  sodium  nitrate  j 
depends  upon  the  temperature  and  conccniraiion  of  the  liquid  ;  at  I 
300"  to  360"  the  change  may  be  expressed  by  the  equation — 

NaNO,+2H,0  =  NaHO  +  NH5+40. 

The  liberated  oxygen  oxidises  the  sulphides  to  sulphates. 

Caustic  soda  is  now  being  manufactured  bj'  the  electrolysis  of 
brine.     The  apparatus  devised  by  Castner  for  this  purpose  is  se^i 
in  Fig.  138.     It  consists  of  a  rectangular  vessel  divided  into  thm   ■ 
Lompnrtments,     Upon  the  floor  of  the  vessel  there  is  a  layer ^il 
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mercury  about  Jth  of  an  inch  deep.  The  partitions,  which  are 
non-porous,  dip  into  narrow  gutters  across  the  bottom,  but  do  not 
actually  touch  the  bottom,  so  that  when  the  tank  is  gently  oscil- 
lated the  mercury  can  flow  from  one  compartment  to  the  other, 
while  the  liquid  above  is  prevented  from  so  doing.  The  'two 
outside  compartments  are  fllled  with  brine,  while  the  centre  one 
contains  water  ;  and  in  this  is  placed  the  cathode,  consisting  of  a 
number  of  metal  plates.  Since  the  partitions  are  non-porous  the 
current  will  pass  from  the  carbon  anodes  through  the  salt  solution 
to  the  mercury,  which  in  the  two  extreme  compartments  then 
t^ecomes  the  cathode.  It  then  passes  from  the  mercury  in  the 
middle  space,  which  now  becomes  the  anode  of  this  cell,  through 
the  aqueous  liquid  to  the  metal  cathode  which  is  there  suspended. 
In  the  outside  compartments  the  sodium  chloride  is  electrolysed  ; 
the  chlorine  discharged  at  the  carbon  anodes  escapes  by  the  pipes 
P  P,  while  the  sodium  dissolves  in  the  mercury  cathodes.  During 
the  process  a  slow  rocking  movement  is  given  to  the  tank  by  means 
of  the  exccntric  represented  at  E,  whereby  the  mercury  is  caused 
to  flow  to  and  fro  along  the  bottom.  In  the  middle  compartment 
the  sodium  contained  in  the  amalgam  is  transported  to  the  cathode, 
where  it  dissolves  in  the  water,  forming  sodium  hydroxide. 

Sodium  hydroxide  is  a  white,  strongly  caustic,  and  highly  de- 
liquescent solid.  It  is  soluble  in  water,  with  considerable  rise  of 
temperature,  and  a  concentrated  aqueous  solution  when  cooled 
to  -8%  deposits  a  crystalline  hydrate,  having  the  composition 
2NaHO,7H,0. 

Sodium  Chloride,  NaCl. — Of  the  compounds  of  sodium  with 
the  halogens  the  chloride  is  the  most  important.  In  warm 
climates,  as  upon  the  shores  of  the  Mediterranean,  sodium  chloride 
is  obtained  by  the  evaporation  of  sea-water  in  large  shallow  basins 
or  pools,  constructed  upon  the  sea-shore  and  exposed  to  the  srun's 
heat.  As  the  brine  concentrates  in  these  salterns^  the  crystals 
of  salt  are  raked  off  the  liquid  and  allowed  to  drain  in  heaps  at 
the  side  of  the  pools.  The  mother-liquors,  known  as  bittern^ 
were  formerly  utilised  for  the  extraction  of  the  bromine  which  they 
contain. 

Salt  is  obtained  from  salt-beds,  where  it  is  found  in  enormous 
deposits,  either  by  direct  mining  operations,  when  the  salt  is 
suflTiciently  pure,  or  by  first  dissolving  the  material  in  water, 
whereby  insoluble  admixed  impurities  are  removed,  and  afterwards 
evaporating?  the  brine  so  obtained.     The  latter  method  is  carried 
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out  by  sinking  borings  through  the  upper  straTa  of  rock,  and 
sending  waler  down  lo  the  salt-beds  bcncalb.  The  brine  is  then 
pumped  up  and  llie  salt  obtained  by  evaporation.  The  first  s1»gc 
of  ihe  concentr.tiing  process,  especially  where  the  brine  is  not  very 
slrcmg',  is  in  some  parts  carried  on  by  exposing  the  liciuid  lo  the 


wind.  This  is  effecli-d  by  rnu'iiiih;  the 'solution  lo  trickle  ov 
erections  ofbmshwimd  known  as  j^tW/^j/.tj  (Fig.  139),  which  art 
built  so  thai  llie  prcvnilinK  winds  blow  across  them.  The  brine  is 
pumped  up  inio  the  wooden  troughs  running  nlong  ihe  top,  from 
which  it  escapes  by  a  number  of  openings,  n,  a,  a.  and  flows  o 
the  pile  of  brushwood  down  into  ihe  reservoir  upon  which  t 
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The  hydrochloric  acid  present  in  the  gastric  and  other  acid  fluids 
of  the  stomach  is  derived  from  the  decomposition  of  sodium  chloride 
which  is  taken  into  the  organism. 

Enormous  quantities  of  sodium  chloride  are  employed  in  the 
alkali  industry,  and  all  the  chlorine  that  is  manu&ctured  is  derived 
primarily  from  this  compound. 

Sodium  Bromide,  NaBr,  and  Sodium  Iodide,  Nal,  are  pre- 
pared by  methods  similar  to  those  for  obtaining  the  potassium 
compounds.  They  are  both  isomorphous  with  sodium  chloride, 
and  when  deposited  at  low  temperatures  they  form  monosymmetric 
crystals  containing  two  molecules  of  water. 

Sodium  Carbonate,  Na^COs.— The  preparation  of  this  com- 
pound is  carried  on  by  three  methods,  and  constitutes  that  important 
industry,  the  alkali  manufacture.  Two  of  these  processes  are  known 
by  the  names  of  their  respective  discoverers,  namely,  the  Ijeblanc 
process  and  the  Solvay  process,  the  latter  being  also  known  as 
the  ammonia-soda  process.  The  third  is  a  modem  electrolytic 
method. 

I.  The  Leblanc  method  of  manufacture  consists  essentially  of 
three  processes,  namely — 

.  (i.)  The  conversion  of  sodium  chloride  into  sodium  sulphate 
by  the  action  of  sulphuric  acid,  known  as  the  salt-cake 
process.  Two  chemical  reactions  are  involved  in  the 
process — 

NaCl  +  HjS04      =  NaHSO^  +  HCl. 
NaCl  +  NaHS04=Na2S04  +HC1. 

(2.)  The  decomposition  of  sodium  sulphate,  salt-cake^  by  means 
of  calcium  carbonate  (limestone)  and  coal,  at  a  high 
temperature,  whereby  a  crude  mixture  of  sodium  car- 
bonate and  calcium  sulphide  is  obtained,  known  as 
black-ash.  This  black-ash  process  takes  place  in  accord- 
ance with  the  following  equation — 

Na.^S04  +  CaCOs -I- 2C  =  Na-^COj  +  CaS -h  2CO2. 

The  change  may  be  conveniently  regarded  as  taking  place  in  two 
stages,  which  proceed  simultaneously  according  to  the  equations — 

Na2S04  +  2C  =  Na2S  +  2C054. 
Na.^S  -h  CaCOj  =  CaS  +  NagCO^. 

(3.)  The  process  of  extracting  and  purifying  the  sodium  car- 
bonate contained  in  the  b/ack-ash. 
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sodium  sulphate,  Na^SOj ;  ilic  remaining  4  i>r  ;  par  cen 

ing  of  hydn^cn  sodium  sulphate,  NaHSO,,  undecom posed  sodium 
chloride,  and  such  impurities 
originally  present  in  the  salt. 

(2.)  The  BUuk-ask  Process.— T\k 
salt-cake  is  mixed  with  liniesionc  (or 
chalk)  and  coal  dust  {slack),  and 
heated  in  a  I'everbcratory  fumate 
known  as  the  blaek-ash  or  balling 
furnace.  As  the  mixture  softens  with 
the  heat  it  requires  to  be  thoroughly 
miKcd  together,  which,  in  the  older 
forms  of  furnace  (still  used  in  many 
lilaces),  is  accomplished  by  manual 
lalwur.  Fig.  141  showssuchafurnaco 
in  section.  The  materials  ate  intri*- 
duced  by  the  hopper  k  on  to  the 
hearth  i,  where  ihey  are  exposed  to 
(he  hot  t,'3.ses  from  the  fire  a  \  and 
as  the  decomposition  proceeds  they 
are  raked  along  to  the  more  strongly- 
heated  front  portion  of  the  hearth  A. 
During  this  process  carbon  dioxide 
is  freely  evolved,  the  escaping  bubbles 
of  gas  Kiving  the  semi-fluid  mass 
the  appearance  of  boihng-  As  the 
temperature  rises  and  the  process' 
approaches  completion,  the  mass 
thickens,  when  it  is  worked  up  into 
large  balls  by  means  of  rakes  or 
paddles.  At  this  ^tage  carbon  mon- 
oxide begins  to  be  evnlved,lhe  bubblest' 
of  which,  bursting  from  the  dough] 
material,  become  ignited  and  bui 
upon  its  surfece  as  small  jets  nf  flams] 
coloured  yellow  by  the  soda.     As  soon 

as  these  appear  the  bnti  is  quickly  withdi'awn  from  the  furnace. 

The  formation  of  carbon  monoxide  at  the  high  icmpfraturc  reached, 
s  point  in  the  process  Is  due  to  the  action  of  Kirlmn  upon 

limestone  according  to  the  etjuation— 

CaCO,-fC=CaO+2CO, 
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excess  of  these  materials  being  intentionally  present  in  the  mixture. 
The  eflfect  of  the  escaping  carbon  monoxide  at  this  point  in  the 
process,  in  rendering  the  black-ash  light  and  porous  (an  important 
consideration  in  view  of  the  next  operation),  is  similar  to  that  of 
baking-powder  when  used  for  cooking  purposes.  The  heated 
gases  from  the  furnace  are  made  to  pass  over  large  evaporating 
pans,  P^  where  liquors  from  a  subsequent  process  arc  concen- 
trated. 

In  the  more  modem  forms  of  black-ash  furnace,  the  mixing  and 
working  up  of  the  materials  is  accomplished  mechanically  by 
means  of  a  revolving  hearth.  Fig.  142  shows  the  general  arrange- 
ment of  a  revolving  black-ash  furnace.  The  mixture  is  placed  in 
the  cylinder  ^,  which  is  made  to  slowly  revolve  upon  its  horizontal 
axis.  The  heated  gases  from  the  fire  a  pass  through  this  revolv- 
ing hearth  ;  they  are  then  conveyed  through  a  dust-chamber,  wr,  and 
finally  over  concentrating-pans.  Limestone  and  two-thirds  of  the 
coal  arc  first  thrown  into  the  furnace  and  heated  until  the  blue 
flame  of  burning  carbon  monoxide  makes  its  appearance,  when 
the  salt-cake  along  with  the  rest  of  the  coal  is  added,  and  the 
process  continued  until  the  yellow  flames  appear  upon  the  surface 
of  the  mass.  The  contents  of  the  cylinder  are  then  thrown  out 
into  iron  trucks  beneath. 

Black-ash  is  a  mixture  of  variable  composition,  containing — 

Sodium  carbonate,  NajCOg    . 
Calcium  sulphide,  CaS  . 
Calcium  carbonate,  CaCOj     . 

V^llffVCZ  •  •  •  •  • 

Calcium  oxide,  CaO 

Anil  smaller  quantities  of  sodium  chloride,  sodium  sulphate,  sodium 
sulphite,  sodium  sulphide,  sodium  thiosulphate,-  oxides  of  iron 
and  aluniin<a. 

•  (3.)  Lixiviation  of  Black-ash, — The  lixiviation  of  black-ash  is 
carried  on  in  a  series  of  tanks,  so  arranged  that  the  liquid  can  be 
made  to  pass  from  one  to  the  other.  The  action  of  water  upon 
the  black-ash  is  more  than  a  simple  process  of  dissolving  the 
sodium  carbonate  from  the  mixture,  for  in  the  presence  of  water 
chemical  action  takes  place  between  some  of  the  ingredients. 
Thus  the  lime  reacts  upon  sodium  carbonate,  forming  sodium 
hydroxide,  hence  the  tank  liquor  always  contains  caustic  soda  in 
varying  quantities.      Under  certain  conditions  of  temperature  and 
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dilution,  the  calcium  sulphide  also  reacts  upon  the  sodium  car 
bonate,  forming  sodium  sulphide  and  calcium  carbonate,  thus — 

CaS  +  Na2C03= CaCOj  +  Na^S. 

Also  by  the  oxidising  influence  of  atmospheric  oxygen,  calcium 
sulphide,  CaS,  is  converted  into  calcium  sulphate,  CaSO^,  which 
in  its  turn  is  acted  upon  by  the  sodium  carbonate,  involving  loss 
of  this  product — 

CaS04+  Na2C03= CaC03+ Na2S04. 

The  process  of  lixiviation  is  carried  on  as  rapidly  as  possible, 
and  at  temperatures  ranging  from  about  30**  (for  the  dilute  liquors) 
to  about  60*  (for  those  more  concentrated) ;  for  the  formation  of 
sodium  sulphide  diminishes  as  the  concentration  of  the  liquid 
increases.  The  tank  liquor,  after  settling,  is  then  either  at  once 
concentrated  by^  evaporation,  when  the  soda  crystallises  out,  leav- 
ing the  caustic  soda  in  the  mother-liquor,  or  it  is  submitted  to  the 
action  of  carbon  dioxide,  whereby  both  the  caustic  soda  and  the 
sodium  sulphide  are  converted  into  sodium  carbonate,  thus— 

2NaHO  +  COjj=Na2C03  +  H20. 
Na2S  +  C02+H.p  =  Na2C03+H2S. 

The  concentration  of  the  tank  liquor  is  accomplished  in  the 
shallow  pans  above  mentioned,  by  means  of  the  waste  heat  from 
the  black-ash  furnace  ;  and  the  product  obtained  by  evaporating  the 
liquid  is  usually  calcined  at  a  red  heat  in  an  ordinary  reverberatory 
furnace.  This  substance  is  known  as  soda-ash^  and  when  dissolved 
in  water,  and  the  solution  allowed  to  crystallise,  the  so-called  soda 
crystals  are  obtained,  having  the  composition  Na^COjjlOHjO. 

1 1.  The  Ammonia- Soda  Process, — This  process  is  based  upon  the 
fact,  that  hydrogen  ammonium  carbonate  {bicarbonate  0/  ammonia) 
is  decomposed  by  a  strong  solution  of  sodium  chloride,  according 
to  the  equation — 

H(NH4)C03+NaCl  =  HNaC03+NH4Cl. 

In  practice  the  brine  is  first  saturated  with  ammonia  gas,  and 
^  the  cooled  ammoniacal  liquid  is  then  charged  with  carbon  dioxide, 

under  moderate  pressure,  in  carbonating  towers. 

The  hydrogen  sodium  carl^onate  {bicarbonate  of  soda\  being 
much  less  soluble,  separates  out,  leaving  the  more  soluble  am- 
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moniuin  chloride  in  solution,  from  which  the  ammonia  is  recovered 
by  subsequent  treatment  with  lime. 

The  hydrogen  sodium  carbonate  is  converted  into  normal  sodium 
carbonate  by  calcination,  and  the  carbon  dioxide  evolved  is  again 
utilised  in  carbonating  a  further  quantity  of  ammoniacal  brine — 

2HNaC03=Na,C05+COa+Hp. 

These  two  processes,  namely,  the  Leblanczxid.  the  ammonia-soda 
process,  have  been  keen  competitors  for  a  number  of  years  ;  and 
a  glance  at  the  figures  giving  the  annual  output  from  the  two 
sources  shows  how  rapidly  and  steadily  the  younger  process  has 
gained  upon  its  older  rival  Indeed,  there  can  be  little  doubt  that 
hut  for  the  value  of  the  hydrochloric  acid  which  is  simultaneously 
produced  in  the  Leblanc  process,  this  method  would  before  now 
have  ceased  to  exist  as  a  manufacture.  Now,  however,  both  of 
these  processes  are  threatened  by'  the  advent  of  a  new  and  formid- 
able rival  in  the  electrolytic  method. 

III.  The  Electrolytic  Process  (Hargreaves-Bird).  —  In  this 
method  a  solution  of  sodium  chloride  (brine,  pumped  direct  from 
the  salt-beds)  is  submitted  to  electrolysis  in  a  cell  of  special  con- 
struction. This  consists  of  an  oblong  box  divided  longitudinally 
into  three  compartments,  the  centre  one  being  comparatively 
large,  while  the  two  extreme  compartments  are  quite  narrow.  The 
partitions  which  divide  the  box  in  this  manner  are  made  of  a 
"composition"  consisting  largely  of  asbestos  ;  and  are  of  such  a 
nature  that  when  the  middle  compartment  is  filled  with  brine, 
none  of  the  liquid  percolates  or  oozes  through  into  the  side  cham- 
lx:rs.  These  asbestos  diaphragms  are  backed  on  their  outer  sides 
by  a  network  of  copper  wire  which  is  made  the  cathode  in  the 
system.  The  anode  consists  of  pieces  of  gas-carbon  which  are 
suspended  in  the  brine  in  the  centre  chamber.  Although  the 
asbestos  diaphragms  arc  water-tight,  in  the  sense  that  they  do  not 
allow  the  brine  to  pass  from  the  middle  to  the  outer  compartments, 
they  are  nevertheless  sufficiently  porous  to  keep  the  copper  wire 
cathodes  moist,  and  to  allow  therefore  of  the  passage  of  the 
current.  Chlorine  is  evolved  at  the  anode,  and  is  conveyed  away 
directly  to  lime  chambers  and  converted  into  bleach ing-powder. 
The  sodium  ions  pass  freely  through  the  asbestos  partitions  to  the 
cathodes,  there  generating  sodium  hydroxide  ;  while  a  stream  of 
steam  and  carbon  dioxide  which  is  passed  through   the   narrow 
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comparlnienls  immedialply  converts  the  hydroxide  into  c.irlKinatS,  I 
which  is  thus  washed  away  from  the  cathodes  i 
formed.  The  solution  so  obtained  is  sufficiently  concenlraied  to  I 
deposit  crystals  of  sodium  carbonate  on  coohng. 

The  "  soda  "  obtained  by  this  process,  which  Is  now  being  c; 
out  on  an  extensive  scale  at  Middlewich,  Cheshire,  is  extTemeI]r,4 
pure,  containing  from  97  to  9S  per  cenL  of  sodium  carbonate,  and'f 
only  about  I  per  centi  of  sodium  chloride. 

Sodium  carbonate  crystallises  in  large,  transparent,  monosyra*  1 
metric  crystals,  commonly  known  as  "soda"  or  "  wHshing-soda,*| 
having  the  composition  Na,COj,10HjO.    On  exposure  to  the  a 
the  crystals  give  up  water,  and  become  effloresced  upon  the  surface,^ 
and  finally  fall  to  powder,  having  the  composition  Na,CO„n,ft* 
When  crystallised  from  hot  solutions,  it  forms  rhombic  crystals, 
containing  TH,0.     The  solubility  of  sodium  caibonatc  in   water 
increases  with  rise  of  temperature,  reaching  a  maximum  at  32-5% 
when  100  parts  of  water  dissolve  59  parts  of  the  salt.    Above  this 
temperature  the  solubility  falls,  and  at  Ifxi   the  amount  dissolved 
is  45,4  parts. 

Hydrogen  Sodium  Carbonate  {hharhim-ite  of  soda),  HNaCOw 
may  be  obtained  by  ihc  action  of  carbon  dioxide  upon  the  BOm 
carbonate,  either  in  solution  or  as  crystals — 

Na,CO„I0H;O  +  COi=3HNaCO,+aHiO. 

The   greater  part  of  the  bicarbonate  of  soda  of  commerce  T 
oblaincd  in  the  ammonia-soda  process  above  described. 

I'his  salt  is  less  soluble  in  water  than  the  nonnal  cnrbonatell 
Thus,   100  parts  of  water  at  different  temperatures  diss 
following  ([uantities  of  these  compounds — 


Na,CO,.     , 
HNaCOj    , 


lo". 


10.B 


When  a  solution  of  hydrogen  sodium  carbonate  is  heated,  ihe  st 
gives  offa  portion  of  its  carbon  dioxide,  and  on  cooling  the  solutiol 
deposits  crystals  having  the  composition  Na,C03.2HNaC03,2H,O, 
known  as  sodium  sesqoicarbonate.  On  continued  boilinK,  the  salt 
is  completely  converted  into  the  normal  carbonate.  Sodium 
sesquicarbonate  occurs  as  a  natuml  deposit  in  Egypt,  Africa, 
"'■""■'"  '  L,  and  elsewhere,  known  as  trona,  from  which  f 
B  is  derived. 
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Sodium  Sulphate  {Glauber's  salt),  NajSO^,  occurs  native  in  ihe 
anhydrous  condition  as  the  mineral  thenardite,  and  as  a  double 
sulphate  of  sodium  and  calcium,  Na2SC^4,CaS04,  in  the  mineral 
Glauberite. 

It  is  manufactured  in  immense  quantities  in  the  first  (sait-cake) 
process  in  the  alkali  manufacture,  by  the  Leblanc  method. 

It  is  also  obtained  in  large  supplies  from  the  Stassfurt  deposits, 
by  double  decomposition  between  magnesium  sulphate  (from 
kieserite)  and  sodium  chloride. 

The  solution  of  the  mixed  salts,  when  cooled  a  few  degrees 
below  0%  deposits  sodium  sulphate,  and  the  soluble  magnesium 
chloride  remains  in  solution — 

2NaCl  +  MgS04=  Na2S04+  MgCla. 

Sodium  sulphate  is  also  manufactured  by  the  action  of  sulphur 
dioxide  and  oxygen  upon  sodium  chloride.  This  is  known  as 
llar^^reav^s  process.    The  reaction  is  expressed  by  the  equation — 

2NaCHSOj  +  0  +  HjO  =  NaaS04+2HCl. 

This  process  is,  in  essence,  the  production  of  sodium  sulphate 
from  sodium  chloride  and  the  constituents  of  sulphuric  acid,  with- 
out the  intermediate  manufecture  of  the  acid.  The  gases  from 
pyrites  burners,  similar  to  those  used  by  the  "vitriol "  manufacturer, 
together  with  steam,  are  passed  through  a  series  of  cast-iron 
cylinders  containing  sodium  chloride,  and  maintained  at  a  tem- 
perature of  500**  to  550'.  Many  days  are  required  for  the  com- 
plete conversion  of  the  chloride  into  sulphate  by  this  process. 

Sodium  sulphate  crystallises  in  colourless  prisms  belonging  to 
the  monosymmetric  system,  containing  ten  molecules  of  water ; 
when  exposed  to  the  air  the  crystals  effloresce,  and  when  heated 
to  33°  they  melt  in  their  own  water  of  crystallisation  (see  page 

153)- 

When  sodium  sulphate  is  heated  with  sulphuric  acid,  in  the  pro- 
portions required  by  the  following  equation,  hydrogen  sodium 
sulphate  is  formed — 

Na2S04+H2S04=2HNaS04. 

Sodium  Nitrate,  NaNOj,  occurs  associated  with  other  salts  in 
Holivia  and  Peru,  as  cubical  nitre,  or  Chili  saltpetre.     The  crude 
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salt  is  purified  by  solution  in  water,  and  crystallisation.  It  forms 
rhombohedral  crystals,  isomorphous  with  calcspar. 

Sodium  nitrate  is  very  soluble  in  water.  loo  parts  of  water  dis- 
solve at  o%  68.8  parts  ;  at  40",  102  parts  ;  and  at  100',  180  parts  of 
the  salt.  When  exposed  to  the  air,  the  salt  absorbs  moisture,  and 
on  this  account  cannot  be  employed  as  a  substitute  for  potassium 
nitrate  in  the  manufacture  of  gunpowder,  or  in  pyrotechny.  Its 
chief  uses  are  for  the  manufacture  of  nitric  acid ;  for  themanufecture 
of  potassium  nitrate  by  double  decomposition  with  potassium 
chloride  ;  and  as  an  ingredient  in  artificial  manures. 

Sodium  Phosphates. — ^The  most  important  of  these  compounds 
is  the  hydrogen  disodium  orthophosphate,  or  common  phosphate 
of  soday  HNa,P04.  This  salt  is  prepared  on  a  large  scale,  by 
adding  sodium  carbonate  to  phosphoric  acid  until  the  solution  is 
alkaline,  and  then  filtering  and  evaporating  the  solution,  when 
large  transparent  prisms,  belonging  to  the  monosymmetric  system, 
are  deposited,  having  the  composition  HNa2p04,12H20.  Exposed 
to  the  air  the  crystals  effloresce,  and  when  heated  become  an- 
hydrous.   The  salt  melts  at  35^ 

100  parts  of  water  at  10**  dissolve  4.1  parts  ;  at  50**,  43.3  parts  ; 
and  at  100",  108.2  parts  of  the  anhydrous  salt. 

Normal  Sodium  Orthophosphate,  NajPOf,  is  obtained  from 

hydrogen  disodium  phosphate,  by  evaporating  a  solution  of  the 
latter  salt  with  sodium  hydroxide,  until  the  liquid  crystallises — 

HNa2P04  +  NaHO  =  Na3P04  +  HgO. 

This  salt  contains  twelve  molecules  of  water,  and  forms  thin 
six-sided  prisms.  Its  aqueous  solution  is  strongly  alkaline,  and 
absorbs  atmospheric  carbon  dioxide,  with  the  fomiation  of  hydrogen 
sodium  carbonate  and  hydrogen  disodium  phosphate,  thus— 

Na3P04+C02+H20  =  HNa2P04  +  HNaC03. 

Dlhydrogren  Sodium  Orthophosphate,  H3NaP04,  is  obtained 

when  phosphoric  acid  is  added  to  ordinary  phosphate  of  soda,  until 
the  liquid  gives  no  precipitate  with  barium  chloride.  On  evapo- 
rating the  solution,  the  salt  crystallises — 

H  Na2P04  +  H3PO4  =  SH^NaPO^. 
The  aqueous  solution  of  this  salt  is  acid. 
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Hydrogren  Sodium  Ammonium  Phosphate  {microcosmic  salt), 

HNa(NH4)P04,  is  obtained  by  adding  a  strong  solution  of  com- 
mon sodium  phosphate  to  ammonium  chloride — 

HNa,P04  +  NH4Cl  =  NaCl-f  HNa(NH4)P04. 

The  orthophosphates  are  readily  converted  into  pyro-  and  meta- 
phosphates  (see  page  476). 


LITHII7M. 

Symbol,  LI     Atomic  weight  =  7.03. 

Occurrence. — Lithium  is  only  found  in  combination  with  other 
elements.  It  is  a  constituent  of  a  few  somewhat  rare  minerals,  as 
petalitCy  30SiO„4AljOs,Na,O,2Li,O  ;  spoaumene,  15SiOj,4Al3,03, 
3Lij,0  ;  lepidolite,  or  lithium  mica,  9SiOjj,3Aip3,KjO,4LiF. 

By  means  of  the  spectroscope,  lithium  compounds  have  been 
detected  in  sea- water,  and  in  most  spring  and  river  waters.  In  a 
few  cases  spring  waters  are  met  with  which  contain  considerable 
quantities  of  lithium  salts.  Thus,  W.  A.  Miller  found  as  much  as 
0.372  gramme  of  lithium  chloride  in  i  litre  of  the  water  of  a  spring 
near  Redruth  in  Cornwall. 

Mode  of  Formation. — Lithium  is  obtained  by  the  electrolytic 
decomposition  of  the  fused  chloride.  For  this  purpose  the  dry 
salt  is  heated  in  a  porcelain  crucible,  when  it  melts  at  a  low  red 
heat  to  a  mobile  liquid.  A  rod  of  gas  carbon  is  made  the  positive 
electrode  ;  and  a  stout  iron  wire,  one  end  of  which  is  flattened  out, 
is  used  for  the  negative  pole,  upon  which  the  lithium  is  collected. 
On  passing  an  electric  current  through  the  molten  chlpride,  the 
metal  forms  as  a  bright  globule  upon  the  negative  electrode.  The 
wire  is  withdrawn  and  quickly  dipped  beneath  petroleum,  and  the 
solidified  globule  of  lithium  is  then  cut  off  with  a  knife.  The 
reduced  metal,  in  its  passage  from  the  crucible  to  the  petroleum, 
is  protected  from  oxidation  by  the  film  of  fused  chloride  which 
coats  it. 

Properties.— Lithium  is  a  soft,  silver-white  metal,  which  soon 
tarnishes  on  exposure  to  the  air.  It  is  easily  cut  with  a  knife, 
being  softer  than  lead,  but  harder  than  sodium.  It  may  be  pressed 
into  wire,  and  two  pieces  of  the  metal  may  be  made  to  adhere, 
or  welded  together,  at  the  ordinary  temperature.  Lithium  is  the 
lightest  known  solid,  its  specific  gravity  being  a 59.     Its  extreme 
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lighlness  is  illustrated  by  ihe  fact  ihal  the  inctal  tlonts  up6i 
pelroleum,  a.  liquid  which  itself  floats  upon  water.  Lithium  melts 
at  itto'',  atid  at  a  hi),'her  temperature  it  takes  fire  and  bums 
a  bright  white  light.  Lithium  decomposes  water  at  the  ordinary 
temperature,  liberating  hydrogen  and  forming  lithium  hydroxide, 
LiHO  ;  but  when  a  fragment  of  tlie  metal  is  thrown  upon  cold 
"t  does  not  melt,  and  even  with  boiling  water  the  action  is 
not  attended  by  inflammation  of  the  hydrogen. 

When  strongly  heated  in  nitrogen  the  two  elements  unite,  with 
feeble  combustion,  forming  lithium  nitride,  NLi,. 

UthiUin  Oxide,  l-ijO,  is  formed  when  the  metal  burns  in  the 
air.  It  is  alsu  obtained  by  heating  the  nitrate.  It  dissolves  tn 
water,  forming  lithium  hydroxide,  LiHO. 

Lithium  Hydroxide  is  produced  by  the  prolonged  boiling  of 
lithium  carbonate  with  milk  of  lime,  the  carbonate  of  this  metal, 
unlike  potassium  and  sodium  carbonates,  being  only  very  slightly 
soluble  in  water. 

Littlium  Carbonate,  LiXO.,.  is  obtained  as  a  while  precipitate 
when  a  solution  of  either  potassium,  sodium,  or  ammonium  car- 
bonate is  added  to  a  solution  of  either  cliloridc  or  nitmte  of 
lithium.  The  compound  is  only  slightly  soluble  in  cold  water,  too 
parts  of  water  at  [3'  dissolving  0.77  part  of  the  carbonate. 

Littllum  Phosphate,  Li,PO„  is  precipitated  as  a  crystalline 
powder,  by  the  addition  of  hydrogen  disodium  phosphate  to  a 
solution  of  a  hthium  salt.  In  the  presence  of  sodium  hydroxide  the 
precipitation  is  complete,  and  the  formation  of  this  compound  is 
employed  as  a  quantitative  method  for  estimating  lithium.  The 
crystals  contain  2HjO,  which  tliey  lose  when  healed.  Lithium 
phosphate  is  soluble  in  nitric,  hydrochloric,  and  phosphoric  acidsi 
and  from  the  latter  solution,  on  evaporation,  the  dihydrogen 
phosphate  is  deposited  (H5LiPO,)a5  deliquescent  and  very  soluble 
crystals.  Thechioride,  nitrate,  and  sulphate  of  lithium  are  obtained 
by  dissolving  the  carbonate  in  the  respective  acids.  The  salts 
are  readily  soluble  in  water. 

RnUdlnm  and  Oawlum.*— Tliespiwo  rare  drmpnts.  wliicli  w*re  first  dls-_, 
eofereil  by  Biuitcn  in  tlic  wmors  of  Dttrkbeini.  in  the  years  1S60-61. 1 
with,  associated  with  Hxlium  nnd  polasiium,  in  certain  minerals,  : 
lepldolitcs  (tithium  rnicat.  porpliyriivs,  nnd  in  carnnlliie.    Theyarv  bI« 
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in  many  mineral  waters,  in  the  mother-liquors  from  the  evaporation  of  sea- 
water,  and  in  the  ashes  of  plants.  Although  widely  distributed,  the  quantities 
present  are  extremely  minute,  one  of  the  richest  Icpidolites  in  which  these 
metals  occur  containing  only  0.24  per  cent,  of  rubidium  oxide. 

'II1C  rare  mineral  pollux^  a  silicate  of  aluminium  and  caesium,  containing 
also  iron  calcium  and  sodium,  is  the  only  known  mineral  in  which  either  of 
these  two  elements  occurs  as  an  essential  constituent.  The  analysis  of  Pisani 
(1864)  gives  34.07  per  cent,  of  caesium  oxide  in  this  substance. 

Rubidium  is  obtained  by  h<^ting  the  carbonate  with  carbon  (the  charred 
tartrate),  as  in  the  older  method  for  the  preparation  of  sodium  and  potassium. 

Caesium  cannot  be  isolated  by  this  reaction,  but  is  obtained  by  the  electro- 
lysis of  the  fused  cyanide,  Cs(CN)  (mixed  with  barium  cyanide  in  order  to 
render  it  more  readily  fusible).     Rubidium  melts  at  38.5**,  caesium  at  26. 5^ 

Rubidium  gives  a  green  vapour,  and  when  sublimed  in  a  vacuous  tulie  yields 
a  thin  film  of  metal,  which  appears  deep  blue  by  transmitted  light :  when 
slowly  sublimed  in  this  way  the  metal  forms  small  needle-shaped  crystals. 
The  compounds  of  these  metals  closely  res<rmble  those  of  potassium,  from 
which  they  can  only  be  distinguished  by  the  different  spectra  they  give. 


AMMONIUM  SALTS. 

The  monovalent  group  or  radical  (NH4)  is  capable  of  replacing 
one  atom  of  hydrogen  in  acids,  thereby  giving  rise  to  a  series  of 
salts  which  are  closely  analogous  to,  and  arc  isomorphous  with, 
those  of  potassium.  The  radical  (NH4),  to  which  the  name 
ammonium  is  given,  has  never  been  isolated.  When  an  amalgam 
of  sodium  and  mercury  is  thrown  into  a  solution  of  ammonium 
chloride,  the  mercury  swells  up  into  a  honeycombed  or  sponge- 
like mass,  which  floats  upon  the  surface  of  the  liquid.  This  so- 
called  ammonium  amalgam  was  at  one  time  thought  to  be  a  true 
amalgam  of  mercury  with  the  metallic  radical  ammonium.  It 
is  now  generally  believed  to  consist  of  mercury  which  is  simply 
inflated  by  the  evolution  of  hydrogen  and  ammonia  gas.  When 
this  sponge-like  substance  is  subjected  to  changes  of  pressure,  it' 
is  found  to  contract  and  expand  in  conformity  to  Boyle's  law  ;  its 
formation  may  be  represented  by  the  equation — 

HgxNay+yNH4Cl=yNaCl-f-xHg-f-yNH3-fyH. 

• 

In  the  course  of  a  few  minutes  the  inflated  mass  shrinks  down, 
and  ordinary  mercury  remains  at  the  bottom  of  the  solution, 
hydrogen  and  ammonia  having  been  rapidly  evolved. 

The  ammonium  salts  are  obtained  for  the  most  part  from  the 

ammoniacal  liquor  of  the  gasworks.     The  material  is  treated  with 

2  M 
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lime,  and  distilled  ;  and  i!ie  ammonia  so  driven  off  i; 
sulphuric  or  hydrochloric  acid,  giving  rist 
or  chloride. 

Ammonium  Chloride  (sal  ammamac),  NH,C1,— The  product] 

obtained  hy  absorbing  ajnmonia  from  gas  liquor  in  hydrochtorK 
acid  is  purified  by  sublimalion.  The  crude  material  is  healed 
in   large  iron  pots,  covered  with   iron  dome-shaped  vessels, 


which  the  substance  sublimes.  Ammonium  r_hloride  crystallises  in 
arborescent  or  fem-likc  crystals  (Fig,  t43),  consisting  of  groups  of 
small  octahedra  belonging  to  the  regular  system. 

too  parts  of  water  at  lo°  dissolve  33.8  parts,  and  al  loo",  77  parts 
of  the  salt.  On  boiling  the  aqueous  solution,  dissociation  to  a 
small  extent  takes  place,  and  a  portion  of  the  ammonia  escapes 
Hilh  the  steam  ;  the  solution  at  the  same  lime  becoming  slightly 
acid. 

Ammonium  Sulphate  (NH^^SO,.— The  product  obtained  by 
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the  absorption  of  ammonia  obtained  from  gas  liquors  by  sul- 
phuric acid  is  purified  by  recrystallisation,  when  it  forms  colourless 
rhombic  crystals,  isomorphous  with  potassium  sulphate.  loo  parts 
of  water  at  the  ordinary  temperature  dissolve  50  parts  of  the  salt. 
The  chief  use  of  ammonium  sulphate  is  for  agricultural  purposes, 
as  a  manure  ;  and  for  this  use  the  crude  salt,  as  first  obtained, 
which  is  usually  more  or  less  cotoured  with  tarry  matters,  is  em- 
ployed. Ammonium  sulphate  is  also  used  for  the  preparation  of 
ammonia  alum  and  other  ammonium  compounds,  as  well  as  in 
the  ammonia-soda  process. 

Ammonium  CarbonatOS. — Commercial  ammonium  carbonate 
(sai  volatiU)  is  obtained  by  heating  a  mixture  of  ammonium 
sulphate  and  ground  chalk  to  redness  in  horizontal  iron  retorts  or 
cylinders,  and'  conducting  the  vapours  into  leaden  receivers  or 
chambers,  where  the  carbonate  condenses  as  a  solid  crust.  It  is 
afterwards  purified  by  resublimation,  when  it  is  obtained  as  a 
white  fibrous  mass.  This  substance  is  a  mixture  of  hydrogen 
ammonium  carbonate,  H(NH4)C03,  and  ammonium  carbamate, 
(NH4)COs(NH2),  and  smells  strongly  ammoniacal.  When  treated 
with  alcohol  the  ammonium  carbamate  is  dissolved,  leaving  the 
carbonate  behind. 

Normal  Ammonium  Carbonate,  (NH4)2C03,  is  obtained  from 

the  commercial  compound,  by  passing  ammonia  gas  into  a  strong 
aqueous  solution,  or  by  digesting  the  compound  in  strong  aqueous 
ammonia.  The  carbamate  present  is  converted  into  normal  car- 
bonate by  the  action  of  the  water,  thus — 

(NH4)CO,(NH2)  +  H20=(NH4)C03(NH4)  =  (NH4)2C03; 

and  the  ammonia  converts  the  bicarbonate  into  the  normal  salt, 

thus — 

H(NH4)C03+  NH3=(NH4)jC03. 

Normal  ammonium  carbonate  on  exposure  to  the  air  gives  oflT 
ammonia,  and  passes  back  into  hydrogen  ammonium  carbonate. 
When  heated  to  60'  the  salt  breaks  up  into  carbon  dioxide, 
ammonia,  and  water. 

Hydrogen  Ammonium  Carbonate,  H(NH4)C03,  may  also  be 

obtained  by  passing  carbon  dioxide  into  a  solution  of  the  normal 
salt— 

(NH4)5jC03  +  COj+H20  =  2H(NH4)C03. 

It  forms  large  lustrous  crystals  belonging  to  the  rhombic  system. 
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which,  when  dry,  do  not  smell  of  ammonia.  loo  parts  of  water  at 
15**  dissolve  12.5  parts  of  this  salt  At  ordinary  temperatures  this 
solution  on  exposure  to  the  air  slowly  gives  off  carbon  dioxide,  and 
becomes  alkaline  ;  and  when  heated  above  36°  the  liquid  begins  to 
effervesce,  owing  to  the  rapid  evolution  of  carbon  dioxide.  This 
salt  forms  with  the  normal  carbonate  a  double  salt  analogous  to 
sodium  sesquicarbonate,  and  having  the  composition  (NH4)2C03, 
2H(NH4)C03,H20. 

Ammonium  Thiocyanate,  NH4S(CN),  is  prepared  by  adding 
aqueous  ammonia  to  an  alcoholic  solution  of  carbon  disulphide, 
and  allowing  the  mixture  to  stand,  when  ammonium  thiocarbonate 
is  formed,  thus — 

6NH3+3HjO+3CS2=2(NH4)aCS3+(NH4)sC03. 

On  heating  this  solution,  the  ammonium  thiocarbonate  is  de- 
composed with  evolution  of  sulphuretted  hydrogen — 

(NH4)2CS3=2H2S  +  NH4S(CN). 

Ammonium  thiocyanate  (known  also  as  ammonium  sulpho- 
cyanate)  forms  colourless  crystals,  which  are  extremely  soluble 
both  in  water  and  alcohol.  The  solution  in  water  is  attended  with 
considerable  absorption  of  heat  :  thus,  if  20  grammes  of  the  salt 
be  dissolved  in  25  cubic  centimetres  of  water  at  18",  the  temperature 
of  the  liquid  falls  to  -  I3^ 


CHAPTER   V 

THE  ELEMENTS  OF  GROUP  L  (FAMILY  B.) 

Copper,  Cu 63.6 

Silver,  Ag i07-93 

Cjold,  Au 197.2 

The  elements  of  this  family  present  many  striking  contrasts  to 

those  of  the  other  family  belonging  to  the  first  group.     These 

three   metals   are  not  acted   upon   by   oxygen,  or  by  water,  at 

ordinary   temperatures  ;    they   are  all   found   native   in   the  un- 

combined   state,  and  on   this  account  are  amongst  the  earliest 

metals  known  to  man.     The  alkali  metals,  on  the  other  hand,  are 

instantly  oxidised  on  exposure  to  air,  they  decompose  water  at 

the  ordinary  temperature,  are  never  found  native,  and  are  amongst 

the   most   recently  discovered  metals.      With    the   exception   of 

sodium  and  potassium,  which  are  used  in  a  few  manufacturing 

processes,  the  alkali  metals,  as  such,  are  of  little  practical  service 

to  mankind,  whilst  the  metals  of  this  family  are  amongst  the  most 

useful  of  all  the  metals,  and  are  the  three  universally  adopted  for 

coinage.     Many  of  the  compounds  of  the  elements  of  this  family 

are  similarly  constituted  to  those  of  the  alkali  metals  :  thus,  with 

oxygen  and  with  sulphur  we  have  CujO,  AgjO,  Au^O,  and  Cu^S, 

Ag^S,  AujS,  corresponding  to  LijO  and  K2S. 

With   the  halogens   they  all    form    compounds    of   the    type 

RX.     Although  the  three  elements,  copper,  silver,  and  gold,  fall 

into  the  same  family  upon  the  basis  of  the  periodic  classification 

of  the  elements,  they  are   in   many  respects  widely  dissimilar. 

Thus,  silver  is  consistently  monovalent,  while  copper  is  divalent, 

forming  compounds  of  the  type  CuXj,  and  gold  is  trivalent,  giving 

compounds  AuXj.     The  chlorides,  AgCl  and  Cu^Cl,,  on  the  other 

hand,  are  both  insoluble  in  water,  are  both  soluble  in  ammonia, 

and  both  absorb  ammoifia. 

In  many  of  their  physical  attributes,  these  metals  show  a  regular 
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gradation  in  their  properties.  Thus,  as  regards  malleability  and 
ductility,  silver  is  intermediate  between  copper  and  gold,  the 
latter  possessing  these  properties  in  the  highest  degree/  With 
respect  to  their  tenacity,  silver  is  again  intermediate,  copper  being 
the  most,  and  gold  the  least  tenacious  of  the  three. 


COPPER. 

Symbol,  Cu.    Atomic  weight =63. 6. 

Occurpence.— Copper  is  found  in  the  elementary  condition  in 
various  parts  of  the  world,  notably  in  the  neighbourhood  of  Lake 
Superior,  where  native  copper  occurs  in  enormous  masses.  In 
combination,  copper  is  a  very  abundant  element,  and  is  widely 
distributed,  the  most  important  of  these  natural  compounds  being 
the  following — 


Ruby  ore  .  .  .  CiUiO. 
Copper  glance  .  .  Cu^S. 
Copper  pyrites     .         .     CuaS.FcaS-j. 


Purple  copper  ore  3Cu2S,Fe2S3. 
Malachite.        .     CuC03,Cu(HO)2. 
Azurite      .         .     2CuCOj,Cu(HO)2. 


Modes  of  FoPmation. — The  methods  by  which  copper  is 
obtained  from  its  ores  vary  with  the  nature  of  the  ore.  From 
ores  containing  no  sulphur,  such  as  the  carbonates  and  oxide, 
the  metal  may  be  obtained  by  a  method  known  as  the  reducing 
process^  which  consists  in  smelting  down  the  ore  in  a  blast-furnace 
with  coal  or  coke,  when  the  metal  is  reduced  according  to  the 
equation — 

CujjO-|-C  =  CO+2Ca 

In  the  case  of  mixed  ores,  containing  sulphides,  the  process 
(known  as  the  English  method)  consists  of  six  distinct  stages — 

(i.)  The  ores,  which  contain  on  an  average  30  per  cent,  of  iron 
and  13  of  copper  (the  remainder  being  chiefly  sulphur  and  silica), 
are  first  calcined ;  usually  in  a  reverberatory  furnace,  whereby  a 
portion  of  the  sulphur  is  burnt  to  sulphur  dioxide,  and  the  metals 
are  partially  oxidised. 

(2.)  The  second  step  consists  in  fusing  the  calcined  ore  ;  when 
the  copper  oxides,  formed  during  calcination,  react  upon  a  portion 
of  the  ferrous  sulphide,  with  the  formation  of  cuprous  sulphide 
and  ferrous  oxide,  thus — 

CuoO  +  FeS  =  Ca.S  +  FeO. 
2CuO  +  2FeS  =  Cu.^S  +  2FeO  +  S. 
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The  oxide  of  iron  combines  with  the  silica  already  present  (or 
which  is  added  in  the  form  of  metal-slag  obtained  from  the  fourth 
process)  to  form  a  fusible  silicate  of  iron,  or  slag,  which  contains 
little  or  no  copper.  This  is  run  off,  and  a  fused  regulus  remains, 
consisting  of  cuprous  and  ferrous  sulphides,  known  as  coarse-metal^ 
and  containing  from  30  to  35  per  cent,  of  copper.  This  molten 
regulus,  which  has  a  composition  very  similar  to  copper  pyrites, 
is  usually  allowed  to  flow  into  water,  whereby  it  is  obtained  in  a 
granulated  condition  favourable  for  the  next  operation. 

(3.)  The  third  step  consists  in  calcining  the  granulated  coarse- 
metal  ;  the  result,  as  in  the  first  calcination,  being  the  removal  of 
a  part  of  the  sulphur  as  sulphur  dioxide,  and  the  partial  oxidation 
of  the  metals. 

(4.)  The  calcined  mass  is  next  fused  along  with  refinery-slag^ 
which  results  in  the  production  of  a  regulus  consisting  of  nearly 
pure  cuprous  sulphide,  the  greater  part  of  the  iron  having  passed 
into  the  slag  (known  as  metal-slag).  This  regulus,  called  fine- 
metal  ^  or  white-metaly  contains  from  60  to  75  per  cent,  of  copper. 

(5.)  The  fifth  operation  consists  in  roasting  the  "white-metal" 
in  a  reverberatory  furnace.  A  portion  of  the  cuprous  sulphide  is 
here  oxidised  into  cuprous  oxide,  which,  as  the  temperature  rises, 
reacts  upon  another  portion  of  cuprous  sulphide,  thus — 

2Cup  +  CujS  =  6Cu  +  SO,. 

At  the  same  time  any  remaining  ferrous  sulphide  is  converted  into 
oxide,  thus — 

3Cu,0  +  FeS = 6Cu + FeO  +  SO,. 

The  metallic  copper  so  obtained  presents  a  blistered  appearance, 
and  on  this  account  is  known  as  blister-copper, 

(6.)  This  impure  copper  is  lastly  subjected  to  a  refining  process. 
For  this  purpose  it  is  melted  down  upon  the  hearth  of  a  reverbera- 
tory furnace,  in  an  oxidising  atmosphere.  The  impurities  present 
in  the  metal,  such  as  iron,  lead,  and  arsenic,  are  the  first  to  oxidise  ; 
and  the  oxides  either  volatilise  or  combine  with  the  siliceous  matter 
of  which  the  furnace  bed  is  composed,  forming  a  slag,  which  is 
removed.  The  oxidation  is  continued  until  the  copper  itself  begins 
to  oxidise,  when  the  oxide  so  formed  reacts  upon  any  remaining 
cuprous  sulphide  with  the  reduction  of  copper  and  the  evolution  o< 
sulphur  dioxide,  according  to  the  above  equation.  The  metal  at 
this  stage  is  termed  dry  copper;  and  in  order  to  reduce  the  copper 
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oxide  which  ii  siill  coniains,  the  mollen  mass  is  stirred  with  poleS 
of  wood,  and  a  quantily  of  anthracite  is  thrown  upon  the  surface  to 
complete  the  reducing  process. 

Wet  Process.— Copper  is  exlracled  from  the  burnt  pyrites, 
obtained  in  enormous  quantities  in  the  manufacture  uf  sulphuric 
ftcid,  which  contains  about  3  per  cent,  of  copper.  Ahhough  too 
poor  in  copper  to  be  submitted  to  the  smelting  process,  it  is 
found  that  when  calcined  with  12  to  i;  per  cent,  of  common  salt, 
the  copper  is  all  converted  into  cupric  chloride.  On  lixiviating  the 
calcined  mass  with  water,  the  cupric  chloride  goes  into  solution,  and 
metallic  copper  can  be  precipitated  from  it  by  means  of  scrap-iron 
or  by  electrolysis. 

Properties.— Copper  is  a  lustrous  metal,  having  a  characteristic 
reddish-brown  colour.  The  peculiar  copper-red  colour  of  the  metal 
is  best  seen  by  causing  the  light  to  be  several  times  reflected  from 
the  surface  before  reaching  the  eye. 

Native  copper  is  occasionally  found  crystallised  in  regular  ocla- 
hedra,  and  small  crystals  of  the  same  form  may  be  .irtiticially 
obtained  by  the  slow  deposition  of  the  metal  from  solutions  of  its 
salts  by  processes  of  reduction. 

Copper  is  an  extremely  tough  metal,  and  admits  of  bemg  drawn 
into  fine  wire,  and  hammered  out  into  thin  leaf.  Its  ductility  and 
malleability  arc  greatly  diminished  by  admixture  with  even  minute 
quantities  of  impurities.  When  healed  nearly  to  its  melting-point, 
copper  becomes  sufficiently  brittle  to  be  powdered.  The  specific 
gravity  of  pure  copper,  electrolyticatly  deposited,  is  8.945,  which 
by  hammering  is  increased  to  S.95. 

Copper  is  only  slowly  acted  upon  by  exposure  10  dry  alf 
at  ordinary  temperatures  ;  but  in  the  presence  of  atmospheric 
moisture  and  carbon  dioxide  it  becomes  coated  «-ith  a  greenish, 
basic  carbonate.  When  heated  in  air  or  oxygen,  it  is  converted 
into  black  cupric  oxide,  which  flakes  olT  the  surface  in  the  form  of 
scales.  When  volatilised  in  the  electric  arc,  copper  gives  a  vapour 
havinga  rich  emerald-green  colour. 

Copper  is  readily  attacked  by  nitric  acid,  either  dilute  or  con* 
centrated,  with  the  formation  of  copper  nitrate  and  oxides  ot 
nitrogen  (page  246). 

Dilute  hydrochloric  and  sulphuric  acids  are  without  action  tipoa., 
copper  when  air  is  excluded,  but  slowly  attack  it  in  the  preseuca' 
of  air,  or  in  contact  with  platinum.  Cold  concentrated  sulphurict' 
acid  does  not  act  upon  copper  ;  but  when  heated,  copper  sulpbaMi 
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and  sulphur  dioxide  are  formed,  with  the  simultaneous  production 
of  van^'ing"  quantities  of  cuprous  and  cupric  sulphides,  which 
remain  as  a  black  residue  (page  416). 

Finely  divided  copper  is  slowly  dissolved  by  boiling  concen- 
trated hydrochloric  acid,  with  evolution  of  hydrogen  and  formation 
of  cuprous  chloride — 

2Cu+2HCl  =  CuaCl2  +  H2. 

In  the  presence  of  air,  copper  is  acted  upon  by  a  solution  of 
ammonia,  the  oxide  dissolving  in  the  ammonia  forming  a  deep 
blue  solution. 

Copper  is  an  extremely  good  electric  conductor,  being  only 
second  to  silver  in  this  respect ;  it  is  therefore  extensively  em- 
ployed for  cables,  or  leads,  for  purposes  of  telegraphy  and  electric 
lighting. 

Copper  possesses  the  property,  in  a  high  degree,  of  being  de- 
posited in  a  coherent  form  by  the  electrolysis  of  solutions  of  its 
salts.  On  this  account  it  is  extensively  used  in  processes  of 
electrotyping. 

Alloys  of  Copper. — The  most  extensive  use  of  copper  is  in 
the  formation  of  certain  alloys,  many  of  which  are  of  great  technical 
value.    The  following  are  among  the  most  important : — 


English  brass . 

Copper  2  parts 

Zinc  I  part 

Dutch  brass  {Tombac) 

»       5     » 

j»     '    » 

Muntz  metal    . 

»»       3     »» 

»     ^    »» 

Gun  metal 

t)      9     »» 

Tin  I    „ 

Aluminium  bronze  . 

))         9       n 

Aluminium  i    „ 

Oxides  of  Copper. — Two  oxides  of  copper  are  well  known, 
namely,  cuprous  oxide  (copper  5ub'0xide\  CugO,  and  cupric  oxide 
(copper  monoxide)^  CuO. 

Cuprous  Oxide,  CugO,  occurs  native  as  red  copper  ore.  It  is 
foniied  when  finely  divided  copper  is  gently  heated  in  a  current 
of  air,  or  when  a  mixture  of  cuprous  chloride  and  sodium  carbonate 
is  gently  heated  in  a  covered  crucible. 

CujCIj + NajjCOj = 2NaCI  -f-  COj  -I-  CujjO. 

Cuprous  oxide  is  also  obtained  when  an  alkaline  solution  of  a 
copper  salt  is  reduced  by  grape  sugar. 
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Cuprous  oxide  is  insoluble  in  water  ;  it  is  converted  into  cuprous 
chloride  by  strong  hydrochloric  acid.  Nitric  acid  converts  it  into 
cupric  nitrate  with  the  evolution  of  oxides  of  nitrogen.  When  acted 
upon  by  dilute  sulphuric  acid,  it  is  partly  reduced  to  metallic  copper 
and  partly  oxidised  into  copper  sulphate,  thus — 

CujO  +  H2S04=CuS04+Cu  +  H20. 

When  heated  with  the  strong  acid  it  is  entirely  oxidised,  thus— 

Cu20  +  3H2S04=2CuS04  +  S02+3H20. 

Cuprous  oxide  fuses  at  a  red  heat,  and  when  melted  with  glass, 
imparts  to  the  latter  a  rich  ruby-red  colour. 

Cupric  Oxide,  CuO,  occurs  as  the  rather  rare  mineral,  tenorite. 
It  is  formed  when  copper  is  strongly  heated  in  the  air  or  in  oxygen, 
or  by  gently  igniting  either  the  nitrate,  carbonate,  or  hydroxide. 
It  is  a  black  powder,  which  rapidly  absorbs  moisture  from  the 
air.  When  heated,  it  first  cakes  together  and  finally  fuses, 
giving  up  a  part  of  its  oxygen,  and  leaving  a  residue  consisting 
of  CuO,2CuaO. 

When  heated  in  a  stream  of  carbon  monoxide,  marsh  gas,  or 
hydrogen,  it  is  reduced  to  the  metallic  state.  Similarly,  when 
mixed  with  organic  compounds  containing  carbon  and  hydrogen, 
it  oxidises  these  elements  to  carbon  dioxide  and  water,  itself  being 
reduced  :  on  this  property  depends  its  use  in  the  ultimate  analysis 
of  organic  compounds. 

Cupric  Hydroxide,  Cu(HO)2,  is  the  pale  blue  precipitate  pro- 
duced when  sodium  or  potassium  hydroxide  is  added  in  excess  to  a 
solution  of  a  copper  salt.  The  compound,  when  washed,  may  be 
dried  at  loo"  without  parting  with  water  ;  but  if  the  liquid  in  which 
it  is  precipitated  be  boiled,  the  compound  blackens,  and  is  con- 
verted into  a  hydrate  having  the  composition  Cu(HO)jp2CuO. 
Cupric  hydrate  dissolves  in  ammonia,  forming  a  deep  blue  liquid, 
which  possesses  the  property  of  dissolving  cellulose  (cotton  wool, 
filter  paper,  &c.). 

Salts  of  Copper. — Copper  forms  two  series  of  salts,  namely, 
cuprous  and  cupric  salts.  The  former,  which  are  colourless, 
readily  pass  by  oxidation  into  cupric  salts,  and  serve  therefore 
as  powerful  reducing  agents,  and  are  mostly  insoluble  in  water. 
The  cupric  salts  in  the  hydrated  condition  are  either  blue  or 
green  in  colour ;   the   anhydrous   cupric   salts   are  colourless  or 
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yellow.  The  normal  salts  are  mostly  soluble  in  water.  Copper 
salts  impart  to  a  non- luminous  flame  a  blue  or  green  colour,  and 
on  this  account  are  employed  in  pyrotechny.  The  soluble  salts 
are  poisonous. 

Cuprous  Chloride,  Cu^Clj,  may  be  obtained  by  dissolving 
cuprous  oxide  in  hydrochloric  acid.  It  is  more  readily  prepared 
by  boiling  a  solution  of  cupric  chloride  in  hydrochloric  acid, 
with  copper  turnings  or  foil.  The  nascent  hydrogen,  liberated  by 
the  action  of  the  hydrochloric  acid  upon  the  copper,  reduces  the 
cupric  chloride  to  cuprous  chloride.  The  liquid  is  then  poured 
into  water,  which  causes  the  precipitation  of  the  cuprous  chloride 
as  a  white  crystalline  powder. 

A  mixture  of  zinc  dust  and  copper  oxide  added  to  strong  hydro- 
chloric acid  also  yields  cuprous  chloride,  the  nascent  hydrogen  in 
this  case  being  derived  from  the  action  of  the  acid  upon  the  zinc, 
and  this  causes  the  reduction  of  cupric  chloride  formed  by  the 
action  of  the  acid  upon  the  cupric  oxide. 

Cuprous  chloride  melts  when  heated,  and  volatilises  without 
decomposition.  It  is  insoluble  in  water,  but  dissolves  in  hydro- 
chloric acid,  ammonia,  and  alkaline  chlorides.  These  solutions,  on 
exposure  to  the  air,  absorb  oxygen,  turning  first  brown,  and  fin- 
ally depositing  a  greenish-blue  precipitate  of  copper  oxychloride, 
CuCl2,3Cu(),4H20.  This  compound  occurs  native  as  the  mineml 
afacamite.  Solutions  of  cuprous  chloride  also  absorb  carbon 
monoxide,  forming  a  crystalline  compound,  believed  to  have  the 
composition,  COCujCl2,2H20.  They  also  absorb  acetylene  (see 
page  318). 

Cuprous  bromide,  Cii3Br2 ;  iodide,  CU2I2 ;  and  fluoride,  CU2F2, 
are  also  known. 

Cupric  Chloride,  CUCI2.  —  This  compound  is  formed  when 
copper  is  dissolved  in  nitro-hydrochloric  acid,  or  when  cupric 
oxide,  carbonate,  or  hydroxide  are  dissolved  in  hydrochloric  acid. 
It  is  also  produced  when  copper  is  burnt  in  chlorine. 

Cupric  chloride  is  readily  soluble  in  water,  forming  a  deep  green 
solution,  which,  on  being  largely  diluted,  turns  blue.  The  salt 
crystallises  in  green  rhombic  prisms,  with  SHgO.  When  heated 
it  loses  its  water,  and  at  a  dull  red  heat  is  converted  into  cuprous 
chloride,  with  evolution  of  chlorine  (see  page  355). 

Cupric  chloride  forms  three  compounds  with  ammonia.  The 
anhydrous  salt  absorbs  ammonia  gas,  forming  a  blue  compound, 
CuCl.j^fJNHs.      When   ammonia    is   passed   into  aqueous   cupric 
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thloride,  the  solulion  deposils  deep  blue  quadratic  ociahedral 
oystals  of  Ihe  compound,  CuCl3,4NHj,H;0.  Bolh  these  sub- 
stances, when  moderately  heated,  yield  the  green  compound 
CuClgSNH^  which   at    a   higher   temperature  is  dccompoi 


Ihus- 


6(CuCI»2NHj)=3Cu,CI,+6NH,CH-4NHj+Np 


Cupric  bromide,  CuBr^  and  fluoride,  CuFg,  are  known,  but 
iodide  is  unknown. 

Cupric  Nitrate,  CufNOaJsiSH^O,  may  be  obtained  by 
action  of  nitric  acid  upon  cupric  oxide,  bydrojtide,  carbonate, 
the  metal  itself.  It  is  deposited  from  Ihe  solution  in  deep  blue 
deliquescent  crystals,  soluble  in  alcohol.  When  heated  to  about 
65°  the  crystals  lose  nitric  acid  and  water,  and  are  converted  into 
the  basic  nitrate,  Cu{N0,)j,3Cu(H0)j.  The  normal  sail,  there- 
fore, cannot  be  obtained  anhydrous.  Cupric  nitrate  is  a  caustic, 
powerfully  oxidising  substance.  If  the  moist  sail  be  rubbed  in  a 
morlar  with  a  quantity  of  liiifoil,  the  tin  is  quickly  c 
oxide,  with  considerable  rise  of  lemperature.  When  a  soluli 
containing  copper  nitrate  and  ammonium  nitrate  is  evaporated, 
mixture  suddenly  deflagrates  when  a  certain  degree  of 
lion  is  reached. 

Cupric  Sulphate  {blue  vitriol),  CuS0,,5H,0,  is 
important  of  all  the  copper  salts.  It  is  formed  when  either  % 
metal  or  the  oxide  is  dissolved  in  sulphuric  acid,  < 
mercial  scale  it  is  obtained  from  waste  copper  by  first 
ihe  metal  into  sulphide  by  heating  it  in  a  furnace,  and  throi 
sulphur  upon  the  red-hot  metal.  Air  is  then  admilled,  and  t 
sulphide  is  thereby  oxidised  into  sulphate,  which  is  dissolve 
water  and  crystal lised. 

It  is  also  manufactured  from  the  sulphur  ores  of  copper, 
roasling  them  under  such  conditions  that  the  iron  is  for  Ihe 
part  converted  into  oxide,  while  the  copper  is  oxidised  lo  sulpha 
On  lixiviating  the  roasted  mass  the  copper  sulphate,  \ 
amouni  of  ferrous  sulphate,  is  dissolved  out  The  ores 
also  be  roasted  so  as  to  convert  both  the  metals  into 
the  mass  is  then  treated  with  "chamber  acid,"  which  1 
copper  oxide,  leaving  the  iron   oxide  for  ihe  most  part 

Cupric  and  ferrous  sulphates  cannot  be  entirely  separated  i 
sation,  as  a  solution  of  these  salts  deposi 


I 
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sulphate  of  the  two  metals.  If,  however,  the  amount  of  iron  pre- 
sent is  comparatively  small,  the  first  crop  of  crystals  obtained  is 
moderately  pure  copper  sulphate.  The  copper  is  removed  from 
the  mother-liquors  by  precipitation  upon  plates  of  iron,  and  the 
copper  so  obtained  is  converted  into  sulphide,  as  above  described. 

Copper  sulphate  forms  large  blue  asymmetric  {iridinic)  crystals, 
with  5H2O.  At  100*  it  is  converted  into  a  bluish-white  salt, 
CuSOijHjO,  and  at  220'  to  240**  it  becomes  anhydrous.  The 
anhydrous  salt  is  white,  and  extremely  hygroscopic,  and  is  used 
both  for  the  detection  and  removal  of  small  quantities  of  water 
in  organic  liquids. 

100  parts  of  water  at  10'  dissolve  36.6  parts,  and  at  100',  203.3 
parts  of  the  crystallised  salt. 

Several  basic  sulphates  of  copper  are  known  :  thus,  when  the 
normal  salt  is  submitted  to  prolonged  heating,  it  is  converted  into 
an  amorphous  yellow  powder,  consisting  of  CuSOijCuO,  which 
when  thrown  into  cold  water  forms  an  insoluble  green  compound, 
CuS04,3Cu(HO)2,  and  on  treatment  with  boiling  water  yields. 
CuS04,2Cu(HO)j.  Copper  sulphate  forms  several  compounds 
with  ammonia.  Thus,  the  anhydrous  salt  readily  absorbs  ammonia 
gas,  forming  the  compound,  CuS04,5NH3.  When  excess  of 
ammonia  is  added  to  a  solution  of  copper  sulphate,  the  deep  blue 
solution  deposits  blue  crystals  of  CuS04,HjO,4NH3.  At  150' 
this  compound  is  converted  into  CuS04,2NH3,  and  at  200**  it  loses 
one  more  molecule  of  ammonia,  leaving  CuS04,NH3. 

Cupric  Carbonates. — The  normal  carbonate  has  not  been 
obtained.  The  two  most  important  basic  carbonates  are  (i) 
CuC03,Cu(HO)2,  occurring  native  as  malachiie^2ccA  obtained  when 
sodium  carbonate  is  added  to  a  solution  of  copper  sulphate  (the 
green  deposit  which  appears  upon  copper  when  exposed  to  atmos- 
pheric moisture  and  carbon  dioxide  (verdigris)  is  the  same  com- 
pound) ;  and  (2)  2CuC03,Cu(HO)2,  occurring  as  the  mineral  azurite. 

Sulphides  of  Copper. — Two  sulphides  are  known,  correspond- 
ing to  the  two  oxides. 

Cuprous  Sulphiiie^  CujS,  occurs  in  nature  as  copper  giance, 
in  the  form  of  grey  metallic-looking  rhombic  crystals.  It  is  pro- 
duced when  copper  burns  in  sulphur  vapour,  or  when  an  excess 
of  copper  filings  is  heated  with  sulphur. 

Cupric  Sulphide^  CuS,  is  met  with  in  nature  as  the  mineral  indigo- 
copper.  It  is  obtained  when  either  copper  or  cuprous  sulphide  is 
heated  with  sulphur  to  a  temperature  not  beyond  1 14'' ;  so  obtained. 
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the  compound  is  blue.     As  a  black  precipitate,  it  is  formed  when 
sulphuretted  hydrogen  is  passed  into  solutions  of  cupric  salts. 


SILVER. 

Symbol,  Ag.    Atomic  weights  107.93.  • 

Occurrence. — Silver  is  found  uncombined,  occasionally  in 
masses  weighing  several  cwts.  Such  native  silver  usually  contains 
copper,  gold,  and  other  metals. 

Amongst  the  more  important  natural  compounds  of  silver  are 
the  following  : — 


Argentite,  or  silver  glance 
Pyrargyrite,  or  ruby  silver  ore 
Proustite,  or  light  red  silver  ore 
Stephanite        .... 
Polybasite        .... 
Stromeyerite    . 
Horn  silver 


AgaS. 

SAggSjSbaSs,  or  AgsSbSj. 
SAggSjAsjjSj  „  AggAsSs. 
5AgjjS,Sb.^S3   „  AgjSbS^. 

V7^/\g20)V^U20^,oD203,/\S2w>^ 
Ag2S,CU2S. 

AgCl. 


Silver  is  present  also  in  most  ores  of  lead,  notably  with  galena 
(lead  sulphide)  ;  argentiferous  lead  ores  constituting  one  of  the 
main  supplies  of  silver. 

Modes  of  Formation. — This  element  may  be  obtained  from 
.  its  salts  by  the  electrolysis  of  their  aqueous  solutions.  The  metal 
is  so  readily  reduced  from  its  compounds,  that  many  organic 
substances,  such  as  grape  sugar,  aldehyde,  certain  tartrates,  &c., 
are  capable  of  effecting  its  deposition.  When  a  strip  of  zinc  is 
introduced  into  silver  nitrate  solution,  the  silver  is  at  once  de- 
posited upon  the  zinc  as  a  crystalline  mass. 

Pure  silver  for  analytical  purposes  may  be  prepared  by  pre- 
cipitating silver  chloride,  by  the  addition  of  hydrochloric  acid  to 
a  solution  of  the  nitrate,  and  reducing  the  chloride  by  boiling  with 
sodium  hydroxide  and  sugar,  or  by  means  of  metallic  zinc.  In 
this  way  the  metal  is  obtained  as  a  fine  grey  powder.  The 
chloride  may  also  be  reduced  by  fusion  with  sodium  carbonate, 
when  the  silver  is  obtained  as  a  button  at  the  bottom  of  the 
crucible.  The  methods  by  which  silver  is  obtained  from  its  ores 
are  very  varied  ;  Xhey  may,  however,  be  classed  under  three  heads, 
namely — 
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1.  Processes  involving  the  use  of  mercury.  (Amalgamation 
processes.) 

2.  Processes  by  means  of  lead 

3.  Wet  processes. 

(i.)  Amalgamation  Processes.— These  depend  upon  the  fact 
that  certain  compounds  of  silver  are  reduced  by  mercury.  The 
reduced  silver  then  dissolves  in  the  mercury,  forming  an  amalgam, 
from  which  the  silver  is  obtained,  and  the  mercury  recovered  by 
distillation.  The  process,  as  still  carried  on  in  Mexico  and  South 
America,  is  the  following.  The  ore  is  first  crushed  and  then 
jf round  to  a  fine  powder  with  water,  and  the  mud  so  obtained  is 
mixed  with  3  to  5  per  cent  of  common  salt,  and  spread  upon  the 
floor  of  a  circular  paved  space,  the  mixing  being  effected  by  the 
treading  of  mules.  After  the  lapse  of  a  day,  mercury  is  added, 
together  with  a  quantity  of  roasted  pyrites  (known  as  vtagisiral^ 
and  consisting  of  a  crude  mixture  of  cupric  and  ferric  sulphates 
and  oxides),  and  the  materials  thoroughly  incorporated.  Fresh 
mercury  is  added  from  time  to  time,  during  the  several  days 
required  for  the  completion  of  the  chemical  decomp)ositions  that 
take  place.  The  exact  nature  of  these  changes  is  not  thoroughly 
understood,  but  it  is  probable  that  they  involve  first  the  formation 
of  copper  chlorides,  by  double  decomposition  between  the  cop{>er 
sulphate  and  sodium  chloride,  and  the  subsequent  action  of  these 
upon  the  silver  sulphide  present  in  the  ore,  thus — 

2CuClj  +  AgjS  =  2AgCl  +  CU2CI2  +  S. 
Cu^Clj  +  Ag2S  =  2AgCl  +  CugS. 

The  silver  chloride  dissolves  in  the  sodium  chloride  present,  and 
is  reduced  by  the  mercury,  with  the  production  of  mercurous 
chloride  (calomel\  which  is  ultimately  lost  in  the  washing — 

2AgCl  +  2Hg  =  Hg,Cl2  +  2Ag. 

The  amalgam  is  first  washed,  and  freed  from  adhering  particles 
of  mineral,  and  is  then  filtered  through  canvas  bags,  whereby  the 
excess  of  mercury  is  removed.  The  solid  residue,  containing  the 
silver,  is  then  submitted  to  distillation. 

In  other  amalgamation  processes  the  ore  is  first  roasted  with 
salt,  in  order  to  convert  the  silver  into  chloride.  The  roasted 
ore  is  reduced  to  fine  powder  with  water,  and  introduced  into 
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revolving  casks  along  wuh  scrap  iron,  when  the  chlciriile  is  reduce 
xccording  to  the  equation — 

2AgCl  +  Fe=2Ag  +  FeQ„ 

and  the  reduced  silver  is  then  extracted  by  the  addition  of  mercury^  J 
with  which  it  amalgnmaies. 

In  the  modern  amalgamation  process  the  lincly  crushed  ore,  with  \ 
water,  is  placed  id  iron  pans  provided  with  revolving  machinery,'! 
which  serves  the  purpose  of  further  grinding,  and  also  of  mixing.X 
When  the  ore  is  reduced  to  an  almost  impalpable  powder,  mercury-l 
is  added,  and  the  machinery  is  kept  in  operation  for  a  few  hours^.l 
when  the  amalgamation  is  complete  ;  sometimes  common  salt  andfl 
copper  sulphate  are  added,  either  together  or  singly.  Their  pre*J 
sence  does  not  appear  to  be  necessary  to  the  process,  except  ii 
far  as  lliey  aid  in  keeping  the  surface  of  the  mercury  clean,  o 
"  quick  "  ;  lor  in  the  extremely  finely  divided  condition  to  which  the  J 
ore  is  reduced  in  this  "pan"  amalgamation  process,  the  sil 
sulphide  is  readily  acted  upon  by  merctiry,  with  the  formatior 
mercuric  sulphide — 

Ag,S  +  Hg=HgS+2Ag, 

and  the  silver  so  reduced  dissolves  in  the  excti 
which  it  is  finally  separated  by  distillation. 

(3.)  Processes  by  Means  of  Lead.— When  silver 
smelted  with  lead,  or  with  materials  which  yield  metallic  lead  ; 
other  words,  when  silver  ores  are  smelted  with  lead  ores,  an  alloy  dl 
silver  and  lead  is  obtained,  from  which  the  silver  can  be  sep,arated.>l 
When  the  argentiferous  lead  is  rich  in  silver,  the  alloy  is  submitted 
to  aipellalion,  which  consists  in  heating  the  metal  in  a  revcrbcra- 
lory  furnace,  the  hearth  of  which  consists  of  a  movable,  oval-shaped, 
shallow  dish,  made  of  bone  ash,  known  as  a  atpel,  or  test.     The    , 
ttlloy  is  fed  into  this  cupel  from  a  melting-pot,  and  a  blast  of  air  ii 
projected  upon  the  surface  of  the  molten  metal.     The  lead  is  lhiv| 
converted  into  liihai'ge,  and  the  melted  oxide,  by  the  force  of  tl 
blast,  is  made  to  overflow  into  iron  pots.     As  the  oxidation  of  i! 
lead  reaches  completion,  the  thin  tilm  of  litharge  begins 
iridescent  interference  colours,  which  presently  disappear,  leavin 
the  brilliant  surface  of  the  melted  silver.    The  sudden  appearaad 
of  the  bright  metallic  surface  is  known  as  lhe_^«rf/nf  of  silver. 

In  the  case  of  argentiferous  lead  too  poor  in  silver  to  be  dire 
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cupelled,  the  alloy  is  submitted  to  one  of  twd  processes  of  con- 
centration, namely,  the  Paiiinson  process^  or  the  Parkers  process, 

TTie  Pattinson  process  for  desilvcrising  lead  depends  upon  the 
fact  that  alloys  of  silver  and  lead  have  a  lower  melting-point  than 
pure  lead,  and  therefore  when  argentiferous  lead  is  melted  and 
allowed  to  cool,  the  crystals  which  first  form  consist  of  lead  which 
is  nearly  or  quite  pure,  and  the  greater  part  of  the  silver  is  in 
the  still  liquid  portion.  The  operation  is  carried  out  in  a  row  of 
iron  pots.  A  quantity  of  the  metal  is  melted  in  one  pot,  and  as 
it  cools  the  crystals  which  begin  to  form  are  removed  by  means 
of  a  perforated  iron  ladle  and  transferred  to  the  next  pot  on 
one  side.  This  operation  is  continued  until  a  definite  proportion 
(either  two-thirds  or  seven-eighths,  depending  upon  the  propor- 
tion of  silver)  has  been  removed.  The  residue  is  then  transferred 
to  the  neighbouring  pot  on  the  opposite  side,  and  a  second  charge 
melted  up  in  the  first  pot.  As  the  neighbouring  pots  fill  up  they 
are  similarly  treated,  and  in  this  way  an  alloy,  gradually  becoming 
richer  and  richer  in  silver,  is  passed  along  in  one  direction,  and 
purer  and  purer  lead  is  sent  in  the  opposite  way.  The  rich  alloy 
is  then  cupelled. 

The  Parkers  process  depends  upon  the  fact  that  when  zinc  is 
added  to  a  melted  alloy  of  lead  and  silver,  the  zinc  deprives  the 
lead  of  the  silver,  and  itself  forms  an  alloy  with  it.  The  alloy  of 
zinc  and  silver  rises  to  the  surface  and  is  the  first  portion  to  solidify, 
and  can  be  removed.  The  operation  is  carried  out  in  iron  pots. 
The  argentiferous  lead  is  melted  and  a  quantity  of  zinc  is 
thoroughly  stirred  into  the  molten  mass,  the  amount  of  zinc 
depending  upon  the  richness  of  the  lead.  As  the  mixture  cools, 
the  first  portions  to  solidify  are  skimmed  off  with  a  ladle  and 
transferred  to  another  pot.  These  skimmings,  consisting  of  zinc, 
silver,  and  lead,  are  first  liquated  ;  that  is,  carefully  heated  to  such 
a  temperature  that  the  adhering  lead  melts  and  flows  away  from 
the  less  fusible  zinc  silver  alloy.  The  solid  alloy  is  then  distilled, 
and  the  residue,  consisting  of  silver  and  lead,  is  submitted  to 
cupellation. 

(3.)  Wet  Processes  {Ziervogel  process). — When  argentiferous 
pyrites,  or  an  artificially  formed  regulus  containing  sulphides  of 
silver,  copper,  and  iron  is  roasted,  the  sulphides  are  first  converted 
into  sulphates  ;  and,  as  the  roasting  continues,  first  the  iron,  then 
the  copper,  and  lastly  the  silver  sulphate,  is  converted  into  oxide. 
By  careful  regulation  the  process  is  continued  until  the  whole 
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of  the  iron  and  a  part  of  the  copper  sulphates  are  clecompos 
On  lixiviating  ihe  roasted  mass  wilh  water,  the  silver  sulphaH^fl 
together  with  the  remaining-  cupper  sulphate,  dissolves.  FroOt'B 
this  solution  the  aitvcr  is  precipitated  by  scrap  copper. 
The  copper  is  recovered  from  the  solution  by  precipitation  witbiQ 


The  Percy-Patera  Prpcesi.—ln 
ivith  salt  and  ihe  silver  chloride 
neans  of  sodium  ihiosulphate — 


i  method  tlie  or* 
formed  is  then  extracted  by  I 


NaaSjO,  +  AgCI  =  NaCI  +  NaAgS.Oj. 


To  the  solution  so  obtained  sodium 
which  precipitates  silver  sulphide— 


I 


111  sulphide  is  added,  J 

2NaA(,'S.05+ Na-S  =  AgjS +2Na,&iOj, 

The  silver  sulphide  is  then  reduced  by  being  roasted  in  a  rever- 
beratory  furnace. 

Properties.— Silver  is  a  lustrou>  J 
while  metal  which  appears  yellow  J 
when  the  light  is  reflected  many' "| 
times  from  its  surface  before  reach- 
ing the  eye.     It  is  unacted  upon  by 
atmospheric   oxygen,   but   quickly 
becomes    tarnished    by   traces   of 
sulphuretted  hydrogen   in  the  air. 
[.-,(.   ,„  Silver  has  the  highest  conductivity 

for  heat  and  eleclricily  of  all  Ihe 
metals.  It  is  extremely  malleable  and  ductile,  being  second  only 
to  jfold.  lliin  films  of  silver  appear  blue  by  transmitted  light. 
Silver  melts  at  about  icxm",  and  when  healed  by  the  oxyhydrogen 
flame  may  be  readily  made  to  boil  and  distil.  The  pure  metal 
employed  by  Sias  for  the  dciennination  of  the  atomic  weight  v, 
obtained  by  distillation  in  this  way.  When  volatilised  in  1 
electric  arc,  the  vapour  of  silver  has  a  brilliant  green  colo 
Molten  silver  absorbs  as  much  as  twenty-two  times  its  volume  a 
oxygen,  which  it  gives  up  again  (wilh  Ihe  exception  of  0.7  volut 
on  solidification-  As  tlic  mass  cools,  the  oxygen  evolved  c 
bursts  through  Ihe  outer  crust  of  solidiHeif  metal  with 
able  violence,  ejecting  portions  of  the  still  liquid  silver  a' 
excrescences,  as  seen  in  Fig-  144-     This  pher 
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as  the  "  spitting "  of  silver.  Small  quantities  of  admixed  metals 
prevent  the  absorption  of  oxygen. 

Silver  is  readily  soluble  in  nitric  acid,  forming  argentic  nitrate, 
with  liberation  of  oxides  of  nitrogen.  Hot  concentrated  sulphuric 
acid  converts  it  into  argentic  sulphate,  with  formation  of  sulphur 
dioxide  (the  reactions  in  both  cases  being  the  same  as  with  copper). 

Silver  Alloys. — Silver,  alloyed  with  copper,  is  largely  employed 
for  coinage  and  for  ornamental  purposes.  English  stamiard  si/vef 
contains  925  parts  of  silver  per  1000.  It  is  said,  therefore,  to 
have  a  fineness  of  925.  In  France  three  standards  are  used. 
That  for  coinage  contains  900  parts  per  1000.  For  medals  and 
plate  the  silver  has  a  fineness  of  950,  while  for  jewellery  it  con- 
tains only  800  parts  per  1000. 

8ilver-p1a,ttng. — For  purposes  of  electro-plating,  a  solution  of  silver  cyanide 
in  potassium  cyanide  is  used.  When  a  feeble  electric  current  is  passed 
through  this  solution  (the  article  to  be  silvered  being  the  negative  electrode, 
and  a  plate  of  silver  the  positive),  silver  in  a  coherent  form  is  precipitated 
upon  the  negative  electrode,  thereby  coating  the  object ;  and  cyanogen  is  dis- 
engaged at  the  positive  pole,  where  it  dissolves  the  electrode,  reforming  silver 
cyanide. 

.Silver  is  reduced  from  solutions  and  deposited  as  a  coherent  film  by  a 
variety  of  organic  compounds  ;  and  various  methods  based  upon  this  property 
are  in  use  for  obtaining  mirrors  and  silvered  glass  specula  for  optical  pur- 
poses. One  such  method  is  the  following.  Two  solutions  are  prepared, 
thus— 

(i.)  Ten  grammes  of  silver  nitrate  are  dissolved  in  a  small  quantity  of 
water,  and  ammonia  added  imtil  the  precipitate  dissolves.  The  liquid  is  then 
filtered  and  diluted  up  to  one  litre. 

(2.)  Two  grammes  of  silver  nitrate  are  dissolved  in  a  litre  of  boiling  water, 
and  1,66  gramme  of  Rochelle  salt  (sodium  potassium  tartrate,  NaKC4H40j) 
arc  added  and  the  liquid  filtered.  E(|iial  volumes  of  these  two  solutions  are 
poured  into  a  shallow  dish,  and  the  glass  to  \yt  silvered  (after  being  perfectly 
cleaned)  is  laid  in  the  solution.  In  about  twenty  minutes  the  silver  will  have 
formed  a  brilliant  mirror  upon  the  glass.* 

Oxides  of  Silver. — Three  oxides  arc  believed  to  exist,  namely — 

Silver  monoxide       ....     AgjO. 
Silver  peroxide         ....    ^%J^t  ? 
Silver  suboxide         ....     AgiO? 

*  Hy  the  reduction  of  silver  solutions  in  the  presence  of  certain  organic 
compounds,  Carey  Lea  has  obtained  the  metal  in  the  form  of  a  dark  bronze 
powder,  which,  when  dry,  resembles  burnished  gold.  He  has  also  obtained 
it  exhibiting  bluish-green  and  ruby-red  colours.  The  material  differs  in 
many  of  its  properties  from  ordinary  silver,  and  is  regarded  by  its  discoverer 
as  an  allotropic  form  of  silver  {American  Journal  of  Science  ^  1891). 
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Silver  Monoxide  {argentic  oxit/e),  AgjO,  is  obtained  by  adding 
sodium  or  polassium  hydroxide  to  a  solulion  of  silver  nitrate.  A 
brown  precipilale  consisting  of  hydraled  oxide  is  obtained  whicht 
when  heated,  is  converted  into  the  anhydrous  compound.  It  is 
also  formed  when  silver  chloride  is  boiled  with  a  strong  solution  of 
n  hydroxide^ 

2AgCl +2  K  HO=2KCH-HjO  +  K%f>. 

Silver  oxide  is  a  black  amorphous  powder  which,  when  heated 
to  i6o°,  begins  to  give  offoxyE^ii  and  become  reduced  to  metallic 
silver.  It  is  a  powerful  oxidising  substance,  and  when  rubbed 
with  sulphur,  red  phosphorus,  sulphides  of  antimony  or  arseniq  or 
other  reitdily  oxidised  substances,  it  causes  them  to  ignite. 

Silveroxide,  although  only  very  slightly  soluble  in  water  ( I  part  in 
about  3000),  imparts  to  the  solution  a  distinct  metallic  taste  and  an 
alkaline  reaction. 

It  is  reduced  by  hydrogen  at  100°  with  formation  of  water  and 
metallic  silver ;  and  when  brought  into  contact  with  peroxide  of 
hydrogen,  oxygen  is  evolved  and  metallic  silver  formed  (sec  p.  227). 

Silver  oxide  is  soluble  in  strong  ammonia,  and,  on  standing,  the 
solution  deposits  black  shining  crystiils  of  the  ni-caWeA /ulminaiing 
silver.  When  dry  this  compound  is  extremely  explosive,  and  it 
often  explodes  when  wet.  Fulminating  silver  is  believed  to  be  tb<! 
nitride,  with  the  composition  NAgj. 

SUnr  PMoziila,  AgPi  (?}.  —When  a  solulion  of  silver  niuale  is  submitted  (O  9 

dpctrulysis,  a  tilacfc  powder.  CDnsisling  of  small  octahedral  crysiaJs.  Is  d«posiIod  J 
upon  llie  positive  circirode.  Tbe  same  compound  is  obtained  when  a  plate  at  fl 
silver  13  made  the  potitin  eleirtiode  in  the  eteclrolygs  of  acidulated  w 
and  also  when  silver  is  acted  upon  liy  oione.  The  exact  camposilioa  o 
compound  has  not  been  plated  beyond  doubt ;  It  is  believed  10  he  a.  dioxide. 
Ii  readily  parts  with  oxygen,  and  is  a  still  more  powrrrul  oxtdiiing  *| 
than  the  mononidc^  It  dissolves  in  aqueous  ammonia  with  Ibe  evolutioi 
niliogen  - 

3Ag^+ 3NH,=3AgP  +  SHjO  +  N, 

ailT«T  SulMSide,  Ag^OP).— The  black  powder,  obtained  when  5 
Is  reduced  In  acurrent  of  hydrogen  ai  100*.  and  polassiiim  hydroxide  is  added  M 
ihe  aqui^ous  solulion  of  the  residue,  is  lielieved  to  have  the  composition  Ag  ~ 

Silver  Chloride,  AgCl,  is  obtained  as  a  while,  bulky,  cui 
precipitate  when  &  soluble  chloride  is  added  to  silver  nitrate, 
melts  at  4;i°  to  a  yellowish  lit^uid,  which,  on  cooling, congeali  la^lj 
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tough  homy  mass  (hence  the  name  horn  silver^  as  applied  to  the 
native  silver  chloride).  The  precipitated  chloride  is  soluble  to  a 
slight  extent  in  strong  hydrochloric  acid,  but  readily  soluble  in 
alkaline  chlorides,  in  ammonia,  and  in  sodium  thiosulphate.  Potas- 
sium cyanide  converts  silver  chloride  into  silver  cyanide,  which 
dissolves  in  the  excess  of  alkaline  cyanide,  forming  the  double 
cyanide  KCN,AgCN.  When  exposed  to  the  light,  silver  chloride 
darkens  in  colour,  assuming  first  a  violet  tint,  and  finally  becoming 
dark  brown  or  black  (see  Photo-salts,  p.  566). 

Silver  chloride  absorbs  large  volumes  of  anmionia,  forming  the 
compound  2AgCl,3NH3  (see  p.  275). 

Silver  Bromide,  AgBr,  is  prepared  similarly  to  the  chloride, 
the  precipitated  compound  having  a  pale  yellow  colour.  It  is  less 
soluble  in  ammonia  than  silver  chloride  ;  in  dilute  ammonia  it  is 
nearly  insoluble.  Silver  bromide  is  decomposed  by  chlorine,  and 
at  a  temperature  of  100'  by  hydrochloric  acid.  At  ordinary  tem- 
peratures this  reaction  is  reversed,  hydrobromic  acid  converting 
silver  chloride  into  the  bromide. 

Dry  silver  bromide  does  not  absorb  gaseous  ammonia.  Silver 
bromide  is  extremely  sensitive  to  the  action  of  light,  and  is  the 
chief  silver  compound  used  in  dry- plate  photography. 

Silver  Iodide,  Agl,  may  be  obtained  by  precipitation  from  silver 
nitrate,  with  a  soluble  iodide  ;  or  by  dissolving  silver  in  strong 
hydriodic  acid.  As  obtained  by  precipitation  it  is  an  amorphous 
yellow  substance,  less  soluble  in  ammonia  than  either  the  bromide 
or  chloride.  It  dissolves  in  hot  hydriodic  acid,  which  on  cooling 
deposits  colourless  crystals  of  Agl, HI  ;  the  addition  of  water  to 
the  solution  precipitates  the  normal  iodide,  Agl.  Silver  iodide 
absorbs  gaseous  ammonia,  forming  a  white  compound,  2AgI,NH3, 
which,  on  free  exposure  to  the  air,  evolves  ammonia,  and  is  recon- 
verted into  the  yellow  iodide. 

Silver  iodide  is  the  most  stable  of  the  three  halogen  compounds. 
When  either  the  chloride  or  bromide  is  treated  with  hydriodic  acid 
or  potassium  iodide,  iodine  replaces  the  other  halogens,  forming 
silver  iodide. 

Silver  Fluoride,  AgF. — This  compound  is  markedly  different 
in  many  respects  from  the  other  halogen  silver  salts.  It  is  obtained 
by  dissolving  silver  oxide  or  carbonate  in  hydrofluoric  acid,  and 
is  deposited  from  the  solution  in  colourless,  quadratic  pyramids, 
AgFjHjO,  or  in  prisms,  AgF,2H20.  The  salt  is  extremely  deli- 
quescent, and  very  soluble  in  water.    When  dried  in  vacuo,  the 
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salt  AgFjHjO  undergoes  partial  decomposition  Jeaving  a  brownish 
residue.  When  heated,  it  is  partially  decomposed,  according  to 
the  equation — 

2AgF,H20  =  2Ag  +  2HF  +  H20  +  0. 

The  dry  salt  absorbs  gaseous  ammonia  in  large  quantities,  more 
than  800  times  its  own  volume  being  taken  up  by  the  powdered 
substance. 

Silver  Nitrate,  AgNOj,  is  obtained  by  dissolving  silver  in 
nitric  acid.  It  forms  large  colourless  rhombic  tables,  which  melt 
at  218",  and  resolidify  to  a  white,  fibrous,  crystalline  mass,  known 
as  lunar  caustic.  Below  a  red  heat  it  gives  off  oxygen,  and  forms 
silver  nitrite  ;  and  at  higher  temperatures  it  is  decomposed  into 
metallic  silver  and  oxides  of  nitrogen.  100  parts  of  water  at  o* 
dissolve  121. 9  parts,  and  at  100**,  mo  parts  of  the  crystallised 
salt  ;  the  solution  is  neutral.  In  contact  with  organic  matter, 
silver  nitrate  is  blackened  on  exposure  to  light.  Thus,  when  the 
skin  is  touched  with  a  solution  of  this  salt,  a  few  seconds'  exposure 
to  light  causes  a  brown  or  black  stain.  Owing  to  this  property, 
silver  nitrate  is  employed  for  marking-inks.  Silver  nitrate  absorbs 
gaseous  ammonia,  forming  the  compound  AgNOgjSNHg,  the  ab- 
sorption being  accompanied  with  considerable  rise  of  temperature. 
The  compound  AgNOsjSNHj  is  deposited  as  rhombic  prisms  when 
aqueous  silver  nitrate  is  saturated  with  ammonia. 

Silver  Sulphate,  AgaS04,  is  formed  when  silver,  silver  carbo- 
nate, or  silver  oxide  is  dissolved  in  sulphuric  acid.  It  crystallises 
in  rhombic  prisms,  isomorphous  with  sodium  sulphate.  With 
aluminium  sulphate  it  forms  an  alum,  in  which  the  monovalent 
element  silver  takes  the  place  of  potassium  in  common  alum, 
Ag2S04,Al2(S04)3,24H20. 

Photo-salta.  —  This  name  has  been  applied  by  Carey  Lea  lo  llic  coloured 
compounds  formed  by  the  action  of  light  upon  silver  chloride,  bromide,  and 
iodide.  The  e.Kact  composition  of  the  compounds  that  are  formed  when  these 
silver  salts  are  exposed  lo  light  is  not  definitely  known.  The  change  which  they 
undergo  has  been  attributed  (i)  to  the  partial  reduction  to  metallic  silver; 
(2)  to  the  formation  of  sub-salts,  such  as  Ag.jCl,  Ag^Hr,  with  elimination  of 
chlorine  or  bromine  ;  (3)  to  the  formation  of  oxychloride  or  oxybromide  ; 
(4)  to  the  production  of  double  compounds  of  variable  composition  of  the 
sub-salt  with  the  normal  salt. 
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GOLD. 

Symbol,  AtL    Atomic  weight  =  197. 2. 

Occurrence. — This  clement  occurs  in  nature  almost  exclusively 
in  the  uncombined  condition,  chiefly  in  quartz  veins  and  in  alluvial 
deposits  formed  by  the  disintegration  of  auriferous  rocks.  It  is 
present  in  small  quantities  in  many  specimens  of  iron  pyrites, 
copper  pyrites,  and  many  lead  ores,  from  which  it  is  often 
profitably  extracted. 

Gold  is  also  met  with  in  the  form  of  an  amalgam  with  mercury, 
and  in  combination  with  the  element  tellurium  in  the  minerals 
petzite^  (AgAu)2Te,  and  sylvaniie^  (AgAu)Te2. 

Extraction. — Gold  is  extracted  from  auriferous  quartz  by  caus- 
ing the  finely-crushed  substance  to  flow,  by  means  of  a  stream 
of  water,  over  amalgamated  copper  plates.  The  gold  particles 
adhere  to  the  mercury,  with  which  they  amalgamate,  and  the 
amalgam  so  obtained  is  carefully  removed  and  distilled. 

From  alluvial  deposits,  the  native  gold  is  separated  by  me- 
chanical washing. 

Gold  is  extracted  from  auriferous  pyrites  by  means  of  chlorine. 
The  ore  is  first  carefully  roasted,  and,  after  being  wetted,  is  exposed 
to  the  action  of  chlorine  gas.  The  gold  is  thereby  converted  into 
the  soluble  auric  chloride,  AuClj,  which  is  extracted  by  lixiviation, 
and  precipitated  by  the  addition  of  ferrous  sulphate — 

2AUCI3  +  6FeS04=2Au  +  Fe2Clfl  +  2Fe2(S04)3. 

Native  gold  usually  contains  silver,  from  which  it  may  be  sepa- 
rated by  passing  chlorine  over  the  molten  metal,  in  crucibles  glazed 
with  borax.  The  fused  chloride  of  silver  rises  to  the  surface,  and 
is  prevented  from  volatilising  by  a  covering  of  melted  borax. 
When  the  operation  is  complete,  the  crucible  is  allowed  to  cool, 
when  the  gold  solidifies,  and  the  still  liquid  silver  chloride  is 
poured  off. 

The  Cyanide  Process.— Increasing  quantities  of  gold  are  at 
the  present  time  extracted  by  solution  in  potassium  cyanide.  The 
method  is  specially  advantageous  in  cases  where  the  gold  is  present 
in  the  ore  in  a  very  finely  divided  condition,  and  it  also  possesses 
the  advantage  over  the  "  chlorination  process,"  that  the  preliminary 
operation  of  roasting  is  obviated.  The  crushed  ore  is  treated  with 
a  dilute  solution  of  potassium  cyanide  (containing  from  0.25   to 
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I  per  cenL  of  potassium  cyanide),  with  free  exposure  to  ihe  atrm 
phcie,  since  it  has  been  shown  that  atmospheric  oxygen  tskes  a  _ 
necessary  part  in  the  action.  The  gold  is  dissolved  in  the  form  ofs 
a  double  cyanide,  according  to  the  equation— 

4Au+8KCy+2H,0+0„=4KHO+4KAuCy5. 

From  this  solution  the  gold  is  precipitated  either  by  n 
metallic  zinc  (usually  in  the  form  of  fine  turnings)  or  by  eleclr*-^ 
lytic  deposition.  The  precipitation  by  means  of  line  lakes  placel 
according  to  the  equation  — 

2KAuCyj+Zn  =  K^nCy,+2Au. 

The  deposit,  after  beinR  freed  as  far  as  possible  from  i 
melted  down  with  a  suitable  flux,  and  yields  an  alloy  containiDg~] 
70  to  80  per  cent,  of  gold. 

When  the  gold  is  precipitated  elect rolyti call y,  the  anodes  em- 
ployed are  of  lead  foil.  These  are  finalIymel[eddo«-n  and  cupelled, 
yielding  gold  of  a  high  degree  of  purity. 

Properties. — Gold  is  a  soft  yellow  metal,  which,  when  seen  by^  J 
light  many  limes  reflected  from  its  surface,  appears  red.     It  is  i 
acted  upon  by  air  or  oxygen  at  any  temperature,  and  does  11 
decompose   steam.     No   single   acid    is   capable   of  attacking   I 
(except  selcnic  acid)  ;  but  it  i^  dissolved  by  aqua-regia,  with  fonl 
mation  of  auric  chloride.     Gold  is  the  most  malleable  and  ducliltg 
of  all  the  metals,  and  whtn  beaten  into  very  thin  leaf,  it  appean 
green  by  transmitted  lighL 

Gold  is  most  easily  reduced  from  its  combinations.  MosfJ 
metals,  when  placed  in  a  solution  of  a  gold  salt,  precipitate  t 
gold,  and  ihe  most  feeble  reducing  agents  bring  about  the  si 
result.  On  this  account  a  solution  of  auric  chloride  is  used  fen 
totting  photographs.  All  the  compounds  of  gold,  when  ignited  il 
the  air,  are  reduced  to  metallic  gold.  Cold  is  readily  deposite 
upon  other  metals  by  the  process  of  electro-gilding,  the  mol 
suitable  solution  being  that  of  the  double  cyanide  of  gold  an^fl 
potassium,  Au(CNj,,KCN. 

Gold  Alloys.— Alloys  of  gold  with    copper   and  with  silve 
are   used   for  coinage   and  for   ornamental   purposes,   pure   ( 
being  too  soft  for  these  purposes.     Silver  gives  the  alloy  a  p 
colour  than  that  of  pure  gold,  while  copper  imparls  to  it  a  reddidi] 
tinge.    The  alloy  used  for  English  gold  coin  consists  of  gold,  L 
pans  ;  copper,  1  part.    The  proportion  of  gold  in  alloys  : 
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expressed  in  parts  per  24  (instead  of  in  percentages),  these  parts 
being  tenned  carats.  Thus,  pure  gold  is  said  to  be  24-carat  gold  ; 
i8-carat  gold  contains,  therefore,  18  parts  of  gold  and  6  parts  of 
copper  or  silver.  Most  countries  have  their  own  legal  standards. 
In  England  the  legal  standard  for  gold  coinage  is  22-carats. 

CrOmpoundB  of  Gold. — Gold  forms  two  series  of  compounds,  namely,  autvus, 
in  which  the  metal  is  monovalent,  and  auric,  in  which  it  is  trivalent 

I'he  composition  of  aurous  compounds  corresponds  to  that  of  the  silver 
compounds.  They  are  very  readily  decomposed.  Thus,  aurous  chloride 
cannot  exist  in  the  presence  of  water,  being  decomposed  into  auric  chloride 
and  metallic  gold.  For  this  reason,  when  aurous  oxide,  AugO,  is  acted  upon 
by  aqueous  hydrochloride  acid  it  forms  auric,  and  not  aurous  chloride,  thus — 

3Au30  +  6HCl=2AuCl3+3H20+4Au, 

With  iodine  geld  forms  only  aurous  iodide,  Aul ;  therefore,  when  auric  oxide 
is  acted  upon  by  hydriodic  acid,  aurous  iodide  and  free  iodine  are  formed, 
thus — 

Aua03+6HI=2AuI  +  2Is+3HjO. 

Auric  Chloride,  AUCI3,  is  obtained  by  dissolving  gold  in  aqua-regia,  and 
evaporating  the  solution  to  dryness.  When  the  residue  is  dissolved  in  water  the 
concentrated  solution  deposits  reddish  crystals  of  the  composition  AUCI32H2O. 
These  lose  their  water  when  carefully  heated,  leaving  a  brown  mass  of  deliques- 
cent crystals.  Auric  chloride  forms  double  chlorides  with  the  alkaline  chlorides, 
and  with  hydrochloric  acid,  which  may  be  obtained  as  crystalline  compounds. 
Thus,  the  compound  AuClsHCl.SHjO  is  deposited  from  a  strong  solution  of 
gold  in  aqua-regia.  This  substance  is  sometimes  termed  chloro-auric  acid, 
and  the  double  compounds  with  metallic  chlorides,  such  as  AuCl8,NaCl,2H20 
and  (AuCl3,KCl).jH^,  are  known  as  chlofihaurates. 

Auric  Oxide,  Au^Oj,  is  obtained  as  a  brown  powder  when  the  hydrated 
oxide,  .Aaj03,3H.jO  (or  Au(HO)3),  is  gently  warmed.  At  100"  it  begins  to  de- 
compose, and  at  higher  temperatures  is  completely  converted  into  oxygen  and 
metallic  gold. 

Auric  oxide  is  feebly  basic,  forming  a  few  unstable  salts,  in  which  gold 
replaces  the  hydrogen  in  acids.  It  is  also  a  feeble  acid-forming  oxide,  and 
forms  salts  called  auraUs,  such  as  potassium  aurate,  KAuOj|,3H20,  which  may 
be  regarded  as  being  derived  from  an  acid  of  the  composition  HAUO2. 

Auric  oxide  forms  a  com{x>und  with  ammonia,  known  os  fulminating  gold, 
the  exact  composition  of  which  is  not  known.  It  explodes  with  violence  when 
dry  if  struck  or  gently  warmed. 

Oold  Sulphides.— Two  sulphides  of  gold  have  been  obtained,  aurous 
sulphide,  AojS,  and  auroauric  sulphide,  AojS.AoiSs  (or  AuS).  The  latter  is 
formed  when  sulphuretted  hydrogen  is  passed  into  a  cold  solution  of  auric 
chloride — 

8AUCI3+ 9H3S  +  4HaO=2(  AuaS,  AujS,)  +  24HC1+ HjSO^. 


CHAPTER  VI 


ELEMENTS  OP  GROUP  IL  (PAMILY  A.) 


Beryllium,  Be 
Magnesium,  Mg 
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Strontium,  Sr 
Barium,  Ba. 
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With  the  exception  of  the  rare  element  beryllium,  these  metals 
were  first  obtained  (although  not  in  the  pure  state)  by  Davy,  who, 
soon  after  his  discovery  of  the  metals  potassium  and  sodium, 
showed  that  the  so-called  earths  were  not  elementary  bodies  as 
had  been  supposed,  but  were  compounds  of  different  metals  with 
oxygen. 

The  element  beryllium  is  of  later  discovery,  for  although  as 
early  as  1798  it  had  been  shown  by  Vanquelin  that  the  particular 
"  earth  '*  in  the  mineral  beryl  was  different  from  any  other  known 
earth,  it  was  not  until  1827  that  the  metal  it  contained  was  iso- 
lated by  Wohler.  In  a  state  approaching  to  purity,  beryllium  was 
first  prepared  by  Humpidge,  1885. 

None  of  the  elements  of  this  family  occurs  in  nature  in  the  un- 
combined  condition  ;  and,  wifti  the  exception  of  magnesium,  the 
metals  themselves,  in  their  isolated  condition,  are  at  present  little 
more  than  chemical  curiosities.  In  the  case  of  beryllium  this  is 
due  to  the  comparative  rarity  of  its  compounds  ;  but  with  calcium, 
strontium,  and  barium,  whose  compounds  are  extremely  abundant, 
it  is  owing  partly  to  tlite  difficulty  of  isolating  the  metals  in  a  pure 
state,  and  also  to  the  fact  that  hitherto  they  have  received  no 
useful  application.  Beryllium  and  magnesium  are  white  metals, 
which  retain  their  lustre  in  the  air.  Calcium,  strontium,  and 
barium  on  exposure  to  air  quickly  become  converted  into  oxide. 

The  metals  calcium  and  strontium,  as  obtained  by  earlier  expe- 
rimenters, presented  a  pale  yellow  colour  (it  is  doubtful  whether 

the  metal  barium  was  actually  obtained  by  these  chemists).     But 
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the  calcium  which  has  recently  been  obtained  by  Moissan  is  de- 
scribed by  him  as  a  silver- white  metal.* 

All  these  metals  form  an  oxide  of  the  type  RO.  Beryllium  oxide 
is  insoluble  in  water ;  magnesium  oxide  is  very  slightly  soluble 
(i  part  in  55,000  or  100,000  parts  of  water),  but  the  solution 
shows  a  feeble  alkaline  reaction.  The  calcium,  strontium,  and 
barium  oxides  show  increasing  solubility,  and  stronger  alkalinity 
and  causticity.  On  this  account  these  elements  are  known  as  the 
metals  of  the  alkaline  earths.  These  three  elements  also  form 
peroxides  of  the  type  RO3. 

All  the  monoxides  are  basic,  and  combine  with  acids  to  form 
salts  of  the  types  RCU,  RSO4,  RCNOj).^ 

The  element  beryllium  (the  typical  element)  stands  apart  from 
the  others  of  this  family  in  many  of  its  chemical  relations.  Thus 
the  oxide  BeO,  unlike  the  corresponding  compounds  of  the  other 
elements,  docs  not  combine  with  water  to  form  the  hydroxide. 
The  hydroxide  Be(HO)j  is  soluble  in  sodium  and  potassium 
hydroxide.  In  this  respect  beryllium  exhibits  its  resemblance  to 
zinc.  The  chloride  also  differs  from  the  other  chlorides  in  being 
volatile. 

In  its  permanence  in  air,  its  colour,  its  high  meking-point,  the 
solubility  of  its  sulphate,  and  the  readiness  with  which  its  hydroxide 
is  converted  by  heat  into  the  oxide,  beryllium  exhibits  a  close 
similarity  to  magnesium.  In  the  solubility  of  its  hydroxide  in 
potassium  hydroxide,  and  in  its  inability  to  decompose  water, 
beryllium  also  shows  a  marked  resemblance  to  zinc. 

The  three  elements,  calcium,  strontium,  and  barium,  exhibit 
a  closer  resemblance  to  each  other  in  most  of  their  physical  and 
chemical  relations,  thaivto  either  magnesium  or  beryllium. 

They  are  readily  distinguished  by  their  different  spectra. 
Barium  salts,  when  heated  in  a  non-luminous  flame,  impart  to  it 
a  green  colour.  Calcium  and  strontium,  under  the  same  cir- 
cumstances, each  give  a  red  colour  ;  but  the  red  imparted  by 
strontium  compounds  is  more  brilliant,  and  less  orange,  than  that 
of  calcium  salts.  When  the  flames  are  examined  by  the  spectro- 
scope, the  most  characteristic  lines  given  by  barium  are  two  in  the 
bright  green  (Baa  and  Ba^).  These  are  accompanied  by  a  number 
of  less  brilliant  lines.     The  spectrum  of  strontium  consists  of  four 

*  Perhaps  nothing  could  be  more  eloquent  as  to  the  truth  of  the  above 
slalenieiil  that  these  elements  in  the  isolated  state  are  mere  chemical  curiosi- 
ties, than  the  fact  that  even  their  colour  can  scarcely  be  stated  with  certainty. 
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specially  praminent  linea,  one  in  the  bright  blue  (SrS),  Dnc  in  iIk 
orange  (Sra),  and  two  in  ihe  red  (Srj8  anil  Sry),  with  others  Ic- 
pronounced;  while  thai  of  calcium  tonlaina  one  briUianl  grt-cr 
line  {Caf})  and  one  equally  brilliant  orange  line  (Cau),  besides  a 
la^e  number  of  less  prominent  lines 


SEBTLLIUBI. 


Sytiil«l  Be. 


/eighi^ 


OcmurenCB.- 


rnt  occurs  prJnciihilty  in  tike  niincrat  htryl,  a  * 
'  the  composition  3BeO,Aip„aSiOr     The  transparent  varieti 
ems,  the  iranspoj'eiit  s""^  beryl  being  the  |>T«:Jou!S  tmtrald. 
He  is  beryllium  silicute  DeJiiOj,  while  fhryiutctyl  has  the  c 

"—  '        It  is  oliuined  liy  healmg  soilium  -        

beryllium  chloride,  all  air  having  been  previously  replHced  by  bydroscn. 
product  is  aflerwiirds  melted  beneath  (used  sodium    chloride,   when  11 
obtained  as  a  coherent  sohd  metal.     It  may  also  be  obtained  by  Ibe  e 
Ipis  or  the  fused  mixed  chloniles  of  beryllium  and  potassium. 

PropartiH. — Beryllium  Is  a.  white  metal  resembling  msEncsium. 
specific  giaviiy  of  a.i,  and  is  moderately  malleable:  It  does  ni 
lainish  in  the  air  at  ordinary  temperatures,  but  when  strongly  he 
comes  coaled  with  a  protecting  Glm  of  oside.  The  powdered  niel 
heated,  lakes  fire,  and  burns  with  a.  bright  light.  Ii  ha*  no  actloa  n 
water,  even  at  Ihe  boiling  temperature. 

BerylliDm  is  easily  dissolved  by  dilute  hydrochloHc  add, 
hydrogen.     Cold  dilute  sulphuric  acid  is  without  action, 
slowly  dissolves  it.     Nitric  acid  slowly  attacks  it  when  concentrated  Bad  tl 
It  readily  dissolves  in  potassium  hydroxide,  with  evolution  ofhydrogED. 

BeryUliun  Oomptraiuls.— The  best  known  are  (be  oxide  ftiry/la),  T 
while  infusible  povnler,  insoluble  in  water,  soluble  in  adds ;  the  ctaldi 
BeCl^  obtained  by  heating  the  oxide  with  charcoal  in  a  stream  of  chlori 
white  Eryslalline  solid,  readily  fused  and  volniilised. 

Beryllium  compounds  do  not  imparl  any  colour  to  a  Bunsen  flame.    ' 
ate  characterised  by  possessing  a  sweet  taste,  licni.'e  the  name  of  gludM 
originally  given  to  this  element. 


HAGHESIUH. 

Symbol.  Mg.     Atomic  wcighi  =  i4. 36. 

Oeeurrenee. — Magnesium  is  not  found  in  the  uncombinedst 
In  combinalinn  it  is  widely  distributed, and  is  eilremely  abunda 
In   the   mineral  dolomite,  associated   with   lime   as   carbonate; 


Mafiiusite,  MgCOj;  kieseriU,  M(;S0„H,O  ;  canbillitr,  Mgl 
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KC1,6H20,  are  amongst  the  commoner  naturally  occurring  magne- 
sium compounds.  It  is  also  a  constituent  of  asbestos^  meerschaum^ 
serpentingy  talc^  and  a  large  number  of  other  silicates.  As  sulphate 
and  chloride  it  is  met  with  in  sea-water  and  many  saline  springs. 

Modes  of  FormaUon. — Magnesium  was  obtained  by  Bunsen 
by  the  electrolysis  of  fused  magnesium  chloride  ;  and  later  by 
Matthiessen  by  electrolysing  the  fused  double  chloride  of  mag- 
nesium and  potassium  (camallite). 

On  a  manufacturing  scale  it  was  later  produced  by  the  reduction 
of  magnesium  chloride  by  means  of  sodium.  A  mixture  of 
anhydrous  magnesium  chloride  (or  fused  mixed  chlorides  of  mag- 
nesium and  sodium,  or  potassium),  powdered  cryolite,  and  sodium 
is  thrown  into  a  red-hot  crucible,  which  is  quickly  closed.  A 
violent  reaction  takes  place,  at  the  conclusion  of  which  the  melted 
mixture  is  stirred  with  an  iron  rod  to  cause  the  globules  of  mag- 
nesium to  run  together. 

The  crude  metal  is  afterwards  purified  by  distillation. 

At  the  present  time  magnesium  is  manufactured  by  a  process 
which  is  practically  that  formerly  employed  by  Matthiessen  on  a 
small  scale,  but  modified  in  detail  to  suit  modem  electrical  re- 
sources. An  iron  crucible  or  melting  pot  is  used,  which  is  made 
the  cathode,  and  the  double  magnesium  potassium  chloride 
(camallite)  is  maintained  at  a  temperature  about  700**—/.^.  a  dull 
red  heat — by  means  of  gaseous  fuel.  The  anode  consists  of 
a  stout  carbon  rod  which  dips  into  the  molten  material,  and 
is  surrounded  by  a  porcelain  cylinder  which  conveys  away  the 
chlorine. 

Properties. — Magnesium  is  a  silvery-white  metal,  which  does 
not  tarnish  in  dry  air,  but  becomes  coated  with  a  film  of  oxide 
when  exposed  to  air  and  moisture.  At  a  red  heat  it  melts,  and  at 
higher  temperatures  may  be  distilled.  When  heated  in  the  air  it 
takes  fire,  and  burns  with  a  dazzling  white  light,  which  is  extremely 
rich  in  the  chemically  active  rays.  The  flash  of  light,  obtained  by 
projecting  a  small  quantity  of  magnesium  filings  into  a  spirit  flame, 
is  used  for  photographic  purposes.  Magnesium  is  only  moderately 
malleable,  and  is  only  ductile  at  high  temperatures  ;  it  is  readily 
pressed  into  the  form  of  wire  at  a  temperature  slightly  below  its 
melting-point.  Magnesium  only  slightly  decomposes  water  even  at 
the  boiling-point ;  but  when  strongly  heated  in  a  current  of  steam,  the 
metal  takes  fire  (p.  173).  Magnesium  is  rapidly  dissolved  by  dilute 
acids,  with  brisk  evolution  of  hydrogen,  but  solutions  of  caustic 
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alkalies  are  unacted  upon  by  it  (compare  Zinc).  When  heated  with 
aqueous  solutions  of  ammonium  salts,  hydrogen  is  evolved,  and  a 
double  salt  of  magnesium  and  ammonium  is  found  in  the  solution. 

Magnesium  combines  directly  with  nitrogen,  when  strongly 
heated  in  that  gas,  forming  magnesium  nitride,  NoMgj  (p.  232). 

On  account  of  the  brilliant  light  emitted  by  burning  magnesium, 
it  is  employed  for  signalling  purposes,  and  also  in  pyrotechny. 

Magnesium  Oxide  {tnagnesia\  MgO,  is  found  native  as  the 
mineral  periclase.  It  is  formed  when  magnesium  burns  in  the  air, 
or  when  magnesium  carbonate  is  submitted  to  prolonged  gentle 
calcination,  when  it  is  obtained  as  a  white  bulky  powder,  known  in 
commerce  as  calcined  magnesia  or  magnesia  usta» 

Magnesia  is  extensively  manufactured  from  the  magnesium 
chloride  occurring  in  the  Stassfurt  deposits,  by  first  converting  the 
chloride  into  carbonate  and  subjecting  this  to  calcination.  Mag- 
nesia has  been  obtained  in  the  crystalline  form,  identical  with  that 
of  periclase,  by  heating  the  amorphous  compound  in  a  stream  of 
gaseous  hydrochloric  acid.  It  may  be  fused  in  the  oxyhydrogen 
flame,  and  on  cooling  it  solidifies  to  a  vitreous  mass  which  is  suffi- 
ciently hard  to  cut  glass.  On  account  of  its  extreme  refractoriness, 
magnesia  is  used  for  a  variety  of  metallurgical  purposes,  such  as 
the  manufacture  of  crucibles,  cupels,  &c. 

Magnesium  Hydroxide,  Mg(HO)2,  is  found  in  nature  as  the 
mineral  bmcite.  It  is  prepared  by  precipitating  a  magnesium  salt 
by  sodium  or  potassium  hydroxide.  At  a  dull  red  heat  it  loses 
water,  and  is  converted  into  the  oxide,  and  the  magnesia  so 
obtained  has  the  property  of  rehydrating  itself  in  contact  with 
water,  with  evolution  of  heat. 

Magnesium  hydroxide  slowly  absorbs  carbon  dioxide,  forming 
the  carbonate  ;  owing  to  this  fact,  and  to  the  property  it  possesses 
of  rehydration,  mag;iesia  that  has  been  prepared  by  calcination  at 
a  low  temperature  can  be  employed  as  a  cement.  Thus,  if  calcined 
magnesite  be  made  into  a  paste  with  water,  the  mixture  is  found  to 
harden  in  about  twelve  hours,  and  ultimately  to  acquire  a  hardness 
equal  to  that  of  Portland  cement. 

Magnesium  Chloride,  MgCL. — This  salt  is  formed  when  mag- 
nesia, or  magnesium  carbonate,  or  the  metal  itself,  is  dissolved  in 
hydrochloric  acid.  From  this  solution  monosymmetric  crj'stals  of 
the  composition  MgClo,6n..O  are  deposited.  When  this  salt  is 
heated  it  loses  water,  and  at  the  same  time  is  partially  decomposed 
into  hydrochloric  acid  and  magnesia  ;  in  order,  therefore,  to  pre- 
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pare  the  pure  anhydrous  compound,  the  double  magnesium  ammo- 
nium chloride  is  first  formed,  by  adding  ammonium  chloride  to  a 
solution  of  magnesium  chloride.  On  evaporation,  the  double  salt 
separates  out,  MgClj,NH4Cl,6H20.  This  salt  allows  itself  to  be 
dehydrated  by  heating,  without  any  decomposition  of  the  magne- 
sium chloride.  When  the  dried  salt  is  more  strongly  heated, 
ammonium  chloride  volatilises  and  leaves  the  anhydrous  magnesium 
chloride  as  a  fused  mass,  which  congeals  to  a  white  crystalline 
solid.  Magnesium  chloride  is  deliquescent,  and  dissolves  in  water 
with  evolution  of  heat  With  alkaline  chlorides  it  forms  double 
salts,  as  the  ammonium  salt  above  mentioned.  The  potassium 
salt,  MgCl2,KCl,6njO,  occurs  in  large  quantities  as  the  mineral 
camalliie;  and  the  calcium  salt,  SMgCl^CaCl^l^HjO,  as  tachydrite^ 
in  the  Stassfurt  deposits.  When  a  strong  solution  of  magnesium 
chloride  is  made  into  a  thick  paste  with  calcined  magnesia,  the 
mass  quickly  sets  and  hardens,  like  plaster  of  Paris,  and  is  found 
to  contain  an  oxychloride  having  the  composition  MgCljjSMgO, 
associated  with  varying  quantities  of  water.  The  white  deposit 
which  forms  in  bottles  containing  the  solution  known  as  magnesia 
mixture  consists  of  MgCl,,5MgO,13H20. 

When  magnesium  oxychloride  is  heated  to  redness  in  a  current 
of  air,  the  magnesium  is  converted  into  oxide,  and  a  mixture  of 
chlorine  and  hydrochloric  acid  is  evolved.  The  reaction  may  be 
represented  as  taking  place  as  follows — 

2MgClj+Hj,0  +  0  =  2MgO  +  2HCl  +  Cl2. 

The  Weldon-P<5chiney  process  (pr  manufacturing  chlorine  is 
based  upon  this  reaction. 

Magesium  Sulphate*  MgS04  {Epsom  salts),  is  met  with  in 
many  mineral  springs,  and  in  large  quantities  as  the  mineral 
kieserite,  M  gS  O4,  H jO. 

Magnesium  sulphate  may  be  obtained  by  decomposing  dolomite, 
(CaMg)C03,  with  sulphuric  acid,  the  nearly  insoluble  calcium 
sulphate  being  readily  removed  from  the  soluble  magnesium  salt. 
Magnesium  sulphate  is  now  very  largely  manufactured  from 
kii'serite,  which  in  contact  with  water  is  converted  from  the  slightly 
soluble  monohydrated  salt  into  MgSO^THjO,  which  is  readily 
soluble,  and  is  purified  by  recrystallisation.  As  usually  obtained, 
crystallised  magnesium  sulphate,  MgS04,7H20,  forms  colourless 
rhombic  prisms  ;  but  when  deposited  from  a  cold  supersaturate4 
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solution,  it  somelimes  forms  prisms  belonginglo  the  tnonosymmctri 

(monoclinic)  system,  having  the  same  degree  of  hydra 

50",  monosymmetric  prisms  of  the  composition  MgSO,,6H.O  i 

deposited. 

When  the  ordinary  salt,  MgSO„7HjO,  is  placed  over  sulphui 
acid,  it  loses  two  molecules  of  water:  when  heated  Ic 
six  molecules,  and  a.t  200°  it  becomes  anhydrous.    At  the  ordin* 
temperature,  loo  parts  of  water  dissolve  126  parts  of  cryslallised^ 
magnesium  sulphate  ;  the  solution  has  a  biiier  laste,  and  acts  as  a  | 
purgative.    With  alkaline  sulphates,  magnesium  sulphate  forms  a 
scries  of  double  salts,  having  the  general  formula  MgSO^.RjSO^^ 
6H3O.      They  are  ismorphous  with  each   other,   crystallising   i 
monosymmetric  prisms.     The  potassium  salt  occurs  in  the  Stassfiiitl 
deposits  as  schoniU. 

When  anhydrous  magnesium  sulphate  is  dissolved  ii 
.  phuricacid.  two  acid  sulphates  arc  obtained.    One,  having  I  he  o 
position  MgSO,H,SO„  is  deposited  from  the  hot  solution  ;  whm 
from  the  cold  liquid  the  salt  that  crystallises  has  the  composition! 
MeSO„3fi„SO,.    They  are  at  once  decomposed  by  water. 

Magnesium  Carbonate,  MgCOj,  occurs  as  the  mineral  n 
j/iV,  which  is  sometimes  found  as  rhoml»hedral  crystals,  isomop-fl 
phous  with   crystals  of  caUife  (CaCO,).     Magnesium  exhibits  aJ 
great  tendency  to  form  basic  and  hydrated  carbonates  ;  the  normalf 
carbonate,  MgCO^  is  therefore  not  obtained  by  precipitating  « 
magnesium  salt  with  an  alkaline  carbonate  ;  the  white  precipitatt 
formed  under  these   circumstances  is  a  basic  carbonate,  whod 
composition  varies  with  the  conditions  of  precipitation.     If,  hoi 
ever,  this  precipitate  be  suspended  in  water,  and  the  liquid  saturatn 
with  carbon  dioxide,  the  compound  dissolves  (more  readily  u 
increased  pressure],  and  when  the  solution  is  heated  to  300°  u 
pressure,  in  such  a  manner  that  the  evolved  carbon  dioxide  catlfl 
escape,  the  normal  anhydrous  carbonate  is  deposited  in  rhombc 
hedral   crystals   isomorphous   with   calclte.       If  the    solution   I 
evaporated    to   dryness,   the   normal   carbonate   is    deposited   iOjfl 
rhombic  crystjils  isomorphous  with  arragoniU  (CaCOj).     Magn*-^ 
sium  and  calciuni  carbonates  are  therefore  isodimorphous^ 

Basic  Carbonates.  -The  mineral  hydromagnesUe  is  a 
carbonate  of  the  composition  3MgCO,.Mg(H 0)^,3 HjO.  A  w 
of  basic  carbonates  are  formed  by  the  precipitation  of  a  magnesltvi 
with  sodium  carbon.itc.  Thus,  under  ordinary  coDditiopS  \ 
white  bulky  precipitate  is  obtained,  known  in  pharmacy*! 
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alha  levis.  Its  composition,  although  liable  to  vary  through  the 
presence  of  other  basic  carbonates,  is  in  the  main  the  same  as  that 
of  hydromagnesite. 

If  the  precipitation  be  made  with  boiling  solutions,  and  the  pre- 
cipitate so  obtained  be  dried  at  loo**,  a  denser  carbonate  is  ob- 
tained, termed  magnesia  alba ponderosa^  4MgC03,Mg(HO)2,4H20. 

When  an  excess  of  sodium  carbonate  is  employed,  and  the 
mixture  is  subjected  to  prolonged  boiling,  a  carbonate  is  obtained 
having  the  composition  2MgC03,Mg(HO)j,2H20. 


CALCITTM. 

Symbol.  Ca.     Atomic  weight =40.1. 

« 

Occurrence. — Calcium  is  only  met  with  in  nature  in  combina- 
tion. It  occurs  in  enormous  quantities  as  the  carbonate  in  a  great 
variety  of  different  minerals,  such  as  marble^  limestone^  calcspar, 
and  also  as  coral;  and  with  carbonate  of  magnesia  as  dolomite^  or 
magnesian  limestone.  In  combination  with  sulphuric  acid,  calcium 
occurs  as  gypsum  and  selenite^  CaS04,2H20,  and  as  anhydrite^ 
CaS04.  The  fluoride  CaFj  occurs  as  fluorspar^  and  the  various 
silicious  rocks  contain  compound  silicates  of  calcium  and  other 
metals.  The  carbonate  and  sulphate  are  present  in  most  spring 
and  river  waters.  Calcium  compounds  are  also  present  in  all 
vegetable  and  animal  organisms.  Thus,  bones  consist  largely  of 
calcium  phosphate. 

Modes  of  Formation. — Although  calcium  compounds  are  so 
extremely  abundant,  the  element  itself  is  a  rare  substance.  The 
element  was  first  isolated  in  an  impure  state  by  Davy  (1808).  It 
may  be  obtained  by  the  electrolysis  of  the  fused  chloride,  or  by 
fusing  together  calcium  chloride,  sodium,  and  zinc,  when  an  alloy 
of  zinc  and  calcium  is  obtained,  from  which  the  zinc  is  removed  by 
distillation. 

More  recently  Moissan  has  obtained  the  metal  in  the  form  of 
crystals  by  the  action  of  sodium  upon  calcium  iodide — 

CaI,-|-2Na=2NaI  +  Ca. 

Pure  dry  crystallised  calcium  iodide  is  heated  to  a  dull  red  heat 

along  with  a  quantity  of  sodiimi,  three  times  in  excess  of  that 

required  by  the  above  equation.     The  calcium  dissolves  in  the 
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^^^^^^^Hte  of  sodium,  and  on  cooling  it  cryslallises  out.    The  sodium  is 

^^^^^BHsved  by  solution  in  absolute  alcohol. 

^^^^^WHoJssan  has  also  obtained  the  metal  by  the  electrolysis  of  the 

fiised  calcium  iodide.  , 

Properties. — Calcium  Is  a  silver-white  metal,  forming  hexagonMt>< 

crystals.  Il  is  sufficiently  hard  to  be  worked  with  a  tile,  and  may' 
^^H  be  hammered  out  into  leaf.  In  moist  air  it  is  soon  converted 
^^H  into  the  hydroxide,  but  in  dry  air  it  remains  untarnished  for  a  con- 
^^H  siderable  lime.  It  decomposes  water  at  the  ordinary  tempemti 
^^H  with  rapid  evolution  of  hydrogen.  When  heated  in  the  air  it  takes 
^^H       fire  and  burns. 

^^1  Oxides  or  Calcium.— Two  oxides  are  known,  nam^y,  calciunii 

^H        monoxide,  CaO,  and  calcium  dioxide,  CaO, 

^H  Calelum  Oxide  {time,  quiekUme),  CaO,  is  obtained  by  heatingi 

^^H         calcium  carbonate  to  redness^ 

^H  CaCOj=CO,+CaO. 

^^H  On  a  large  scale  time  is  manufactured  by  burning  limestone  or 

^^H  chalk  in  kilns  with  coal     If  much  clay  Ik  present  with  the  lime- 

^^H  stone,  care  is  required  to  prevent  the  mass  from  fusing  when  it  is 

^^F  said  to  be  dead  hiirni-     Lime  is  a  while  amorphous  substance, 

^^M  which  is  infusible  by  the  oxyhydrogen  flame,  but  which,  when  so 

^H  heated,  emits  a  bright  light,  known  as  the  oxyhydrogen  limeiighL 

^H  II  absorbs  moisture  and  carbon  dioxide  from  the  air.     On  account 

^H  of  its  power  of  absorbing  moislure,  lime  is  frequently  employed  as 

^H  a  dehydrating  agent.    Thus,  gases  which  cannot  be  dried  by  means 

^^L  of  sulphuric  acid  (e.g.  ammonia)  may  be  deprived  of  moisture  by 

^^L  being  passed  over  calcium  oxide.     It  is  also  used  for  withdrawing 

^^H  water  from  alcohol  in  the  preparation  of  absolute  alcohol,     When 

^^H  a  small  quantity  of  water  is  poured  upon  lime  the  mass  rapidly 

^^H  becomes  hot,  and  volumes  of  sleam  are  given  ofT,  the  lime  at  the 

^^H  same  time  swelling  up  and  crumbling  to  a  soft,  dry  powder.     This 

^^H  process  is  known  as  the  slaking  of  lime,  and  the  product  is  icnned 

^^H  slaked  lime,  in  contradistinction  lo  guick  lime.    The  time  enters 

^^H  into  chemical  union  with  water,  forming  calcium  hydroxide,  thus— ^ 

^B  CaO  +  HjO  =  Ca(Ha)j.  ■ 

^^B  Calcium  Hydroxide,  Ca(HO)„  is  a  white  amorphous  po'wd^H 

^^^V      SMiingly  soluble  in  water,  and,  unlike  the  majority  of  solids,  lu^l 
^^^HydH^plablc  in  hoi  than  in  cold  water,     loo  parts  of  water  at  ^^| 
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ordinary  temperature  dissolve  0.14  part  of  calcium  hydroxide, 
while  at  100°  the  same  volume  of  water  dissolves  about  half  that 
amount.  This  solution,  known  as  lime-water^  has  an  alkaline 
reaction,  and  absorbs  carbon  dioxide,  with  the  precipitation  of 
calcium  carbonate. 

Milk  of  Lime  is  the  name  given  to  a  mixture  of  lime  with  less 
water  than  will  dissolve  it,  wlfereby  an  emulsion  of  lime  is  obtained. 
When  a  thick  paste  of  lime  and  water  is  exposed  to  the  atmos- 
phere, in  a  few  days  it  sets,  and  continues  gradually  to  harden. 
On  this  account  lime  is  used  for  mortars  and  cements.  Mortar 
consists  of  a  mixture  of  lime  and  sand  with  water.  The  sand 
serves  the  double  purpose  of  preventing  shrinkage  on  drying,  and 
also  of  rendering  the  mass  more  permeable  to  atmospheric  carbon 
dioxide.  The  setting  of  mortar  is  due  to  the  combined  action  of 
evaporation  and  absorption  of  carbon  dioxide. 

Calcium  Dioxide,  CaOj,  is  obtained  by  adding  lime-water  to 
hydrogen  peroxide,  or  to  sodium  peroxide  acidulated  with  dilute 
nitric  acid  ;  sparingly  soluble  crystals  of  CaOjjSH^O  separate  out, 
which  at  130""  lose  their  water.  When  more  strongly  heated  the 
monoxide  is  formed  with  evolution  of  oxygen. 

Calcium  Chloride,  CaClg,  occurs  in  sea  and  river  waters,  and  is 
present  in  carnallite  and  tachydrite  of  the  Stassfurt  deposits.  It 
is  obtained  in  large  quantities  as  a  bye-product  in  many  manu- 
facturing processes,  such  as  that  of  potassium  chlorate,  ammonia 
from  ammonium  chloride,  &c.  It  may  be  obtained  by  the  action 
of  hydrochloric  acid  upon  calcium  carbonate,  and  is  deposited  on 
concentration,  in  large  colourless,  deliquescent,  hexagonal  prisms, 
CaClojOHQO,  which  melt  at  29°  in  their  water  of  crystallisation. 
When  heated  below  200'  the  crystals  part  with  four  molecules  of 
water,  and  above  200"  become  anhydrous.  As  thus  obtained  the 
anhydrous  salt  is  a  porous  mass,  which  is  extremely  hygroscopic, 
and  on  this  account  is  used  as  a  desiccating  agent,  both  for  gases 
and  liquids.  At  a  red  heat  it  fuses,  and  on  cooling  solidifies 
to  a  crystalline,  deliquescent  mass.  Calcium  chloride  combines 
with  ammonia,  forming  the  compound  CaCljjSNHs.  Calcium 
chloride,  therefore,  cannot  be  employed  for  drying  gaseous 
ammonia. 

Crystallised  calcium  chloride  is  extremely  soluble  in  water ; 
TOO  parts  of  water  at  16**  dissolve  400  parts  of  the  salt,  the  solu- 
tion being  attended  with  considerable  absorption  of  heat.  When 
mixed  with  powdered  ice  or  snow  liquefaction  of  both  the  solids 
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rapidly  takes  place,  and  the  consequent  absorption  of  heat  lowers 
the  temperature  of  the  mixture  to  -  40*. 

Bleaching-Powder  {chloride  of  Hme\  Ca(OCl)Cl.— This  im- 
portant compound  is  manufactured  on  a  large  scale  by  the  action 
of  chlorine  upon  slaked  lime.  The  hydrated  lime  is  spread  upon 
the  floor  of  the  bleach ing-powder  chambers  to  a  depth  of  three  or 
four  inches,  and  raked  into  ridges  or  Arrows  with  a  special  wooden 
rake.  Chlorine  is  then  led  into  the  chambers,  which  are  provided 
with  glass  windows  to  enable  the  operator  to  examine  the  colour 
of  the  atmosphere  within.  At  first  the  absorption  of  the  chlorine  is 
rapid,  but  as  the  reaction  proceeds  it  becomes  slower,  and  the  lime 
is  from  time  to  time  raked  over  to  expose  a  fresh  surface.  The 
lime  is  left  in  contact  with  the  gas  for  twelve  to  twenty-four  hours. 
The  excess  of  chlorine  is  absorbed  by  projecting  into  the  chamber 
a  shower  of  fine  lime  dust  by  means  of  a  mechanical  fan-distributor. 
This,  in  settling,  rapidly  absorbs  all  the  chlorine,  and  the  chambers 
can  then  be  opened  without  any  unpleasant  smell  of  chlorine  being 
perceptible. 

The  reaction  which  takes  place  is  expressed  by  the  equation — 

Ca(HO)2  4-Cl2=Ca(OCl)Cl  +  H20. 

It  was  formerly  believed  that  bleaching-powder  was  a  mechani- 
cal mixture  of  calcium  chloride,  CaClg,  and  calcium  hypochlorite, 
Ca(OCl)2,  but  it  has  been  conclusively  shown  that  the  substance 
does  not  contain  any  free  calcium  chloride.  It  may,  however,  be 
regarded  as  a  compound  consisting  of  equivalent  proportions  of 
these  two  salts,  and  its  composition  may  be  expressed  by  the  for- 
mula Ca(OCl)2,CaCl2,  which  corresponds  to  2Ca(OCl)Cl. 

The  relation  in  which  bleaching-powder  stands  to  calcium  chlo- 
ride on  the  one  hand  and  calcium  hypochlorite  on  the  other  will 
be  seen  by  the  following  formulas — 

Calcium  Chloride.  Calcium  Hypochlorite.        CalcU^fe'h;^^^ 

CI— Ca— CI  CIO— Ca— OCl  CI— Ca— OCl. 

In  practice  the  absorption  of  chlorine  by  the  lime  is  never  as 
complete  as  is  represented  by  the  above  equation,  and  the  com- 
mercial value  of  the  product  depends  upon  the  amount  o{  available 
chlorine  it  contains,  i.e.  chlorine  which  is  evolved  on  treating  the 
compound  with  hydrochloric  or  su'phuric  acid.  This  ranges  from 
30  to  38  per  cent. 
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When  treated  with  water,  bleaching-powder  is  converted  into 
calcium  chloride  and  hypochlorite,  thus — 

2Ca(0Cl)Cl = CaClj + Ca(OCl)^ 

Bleaching-powder  decomposes  slowly  even  in  stoppered  bottles, 
and  more  rapidly  on  exposure  to  atmospheric  moisture  and  carbon 
dioxide. 

When  acted  upon  by  acids  chlorine  is  evolved,  thus — 

Ca(OCl)Cl+2HCl   ^CaCl^ +HjO  +  Clj 
Ca(OCl)Cl  +  H,S04  =  CaS04+  H  jO  +  Clj. 

When  a  solution  of  bleaching-powder  is  treated  with  very  dilute 
acids,  hypochlorous  acid  is  first  liberated,  which  in  contact  with 
hydrochloric  acid  yields  chlorine — 

(i)  Ca(OCl)j.Aq  +  2HCl.Aq  =  CaCl,  +  2HC10.Aq. 
(2)  H  CIO  +  H  CI  =  HaO  +  Cla. 

In  the  process  of  bleaching,  the  material  is  first  steeped  in  a 
dilute  solution  of  bleaching-powder  and  then  in  dilute  acid.  The 
hypochlorous  acid  first  formed  is  decomposed  in  the  presence  of 
excess  of  hydrochloric  acid,  generating  chlorine  within  the  fibres 
of  the  wet  cloth. 

Calcium  Sulphate*  CaSOi,  occurs  as  the  mineral  anhydrite^ 
and  in  the  hydrated  condition  as  gypsum^  CaSOijgHjO,  of  which 
satins  par  {or  JUfrous  gypsum)^  alabaster^  and  selenite  are  different 
varieties.  It  is  obtained  in  the  hydrated  condition  by  precipita- 
tion from  a  solution  of  calcium  chloride,  on  the  addition  of  sul- 
phuric acid  or  a  soluble  sulphate.  When  dried  at  no*  to  120"  it 
loses  a  portion  of  its  water,  leaving  the  hydrate,  (CaS04)2,H20  ;  at 
200**  it  becomes  anhydrous.  Calcium  sulphate,  in  the  hydrated 
condition,  is  slightly  soluble  in  water,  the  solubility  reaching  a 
maximum  at  35*,  when  i  part  of  the  compound  requires  432  parts 
of  water  for  its  solution  ;  above  this  temperature  the  solubility 
again  diminishes.  Its  solubility  is  increased  by  the  presence  of 
alkaline  chlorides  and  free  hydrochloric  acid. 

When  boiled  in  strong  sulphuric  acid  calcium  sulphate  partially 
dissolves,  and  on  cooling  an  acid  sulphate  crystallises  out,  having 
the  composition  CaS04,H2S04. 

Plaster  of  Paris  is  calcium  sulphate  which  has  been  partially 
deprived  of  its  water  of  hydration  by  heat,  and  converted  into  the 
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hydrate,  (CaSO^),,}!]©.  Il  is  ni.-inufaclured  by  burning  gypsum  in 
B  kil^i  or  oven  in  such  a  way  [hat  the  carbonaceous  fuel  does 
not  come  in  contact  with  the  sulphate,  which  would  result  in  its 
reduction  to  sulphide  :  the  temperature  is  not  allowed  to  exceed 
about  130°.  If  healed  more  strongly  (above  200°)  the  sulphate 
becomes  anhydrous,  and  is  said  to  be  dead  burnt;  in  this  con- 
dition its  property  of  jd-Z/jng- when  mixed  with  water  is  greatly 
impaired.  When  plaster  of  Paris  is  made  into  a  paste  with  water 
it  rapidly  sets  to  a  hard  mass  ;  this  setting  is  due  to  its  rehydra- 
tion, whereby  gypsum  is  reformed,  thus — 

(CaSOj)a,H,0+3H^O-2CaSOi.2H„<l 

Calcium  Carbonate,  CaCOj.— This  compound  is  extensively  1 
met  with  in  nature,  as  limtstone,  chalk,  timrbU^  and  innumerable  ] 
varieties  ofcalcspar.  It  is  formed  when  lime  is  exjxised  to  ai 
pheric  carbon  dioxide.  It  is  obtained  when  an  alkaline  carbonate  ] 
is  added  to  a  soluble  calcium  salt. 

Calcium   carbonate  is  dimorphous;  it  occurs  as  ariagonilt  ii 
crystals   belonging   to   the   rhombic  system,  and  as  calcspar   11 
crystals  belonging  to  the  hexagonal  system.     Both  these  crystal*^ 
line  varieties  can  be  artificially  obtained;  when  deposited  from  1 
solutions  at  the  ordinary  temperature  the  crystals  are  identical  .] 
with  calcile  ;  but  when  crystallised  from  hot  solutions,  they  fonn 
rhombic  crystals  corresponding  to  arragonite. 

Calcium  carbonate  is  nearly  insoluble  iii  water  ;  1000  grammes 
of  water  dissolve  .0018  gramme  of  the  compound.  It  is  more 
soluble  in  water  charged  with  carbon  dioxide,  forming  the  acid 
carbonate  of  lime,  CaCOjiHiCOj,  or  H5Ca(C0^* 

icxx)  grammes  of  water  saturated  with  carlion  dio.xide  will  dis-  J 
soWe,ato°,  a.^  gramme  of  calcium  carbonate.     By  increasing  the  ' 
pressure  (thereby  increasing  the  amount  of  dissolved  gas)  as  much 
as  3  grammes  of  calciimi  carbonate  may  be  dissolved.     When  this 
solution  is  boiled  the  acid  carbonate  is  decomposed  (page  2:1). 

Calelum  Phosphate  {iricaUmm  orlhopkospkau),  Caj(PO,)p  is 
the  most  important  of  the  phosphates  of  calcium.     U  is  found  as 
the   mineral   osteoHU,    Ca,(P0,}f,2H,0,   and   also   as   sombreritt^  J 
estramadurite,  and  eaproli/es.     Apalile  consists  of  phosphate  and  J 
fluoride,  3Ca;^PO0i,CaF, ;  and  the  mineral  constituents  of  boneq 
coDsbl  chiefly  of  calcium  phosphate. 

Ijt.is  obtained  in  a  pure  state  by  the  addition  of  ordinary  sodiu 
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phosphate  to  a  solution  of  calcium  chloride  in  the  presence  of 
ammonia.  The  precipitate  is  decomposed  on  boiling  into  an 
insoluble  basic  salt  and  a  soluble  acid  salt.  Although  nearly 
insoluble  in  pure  water,  calcium  phosphate  dissolves  in  water  con- 
taining salts  in  solution,  such  as  sodium  chloride  or  nitrate,  or 
even  dissolved  carbon  dioxide.  On  this  fact  depends  the  readi- 
ness with  which  this  substance  is  absorbed  by  the  roots  of  plants. 
Calcium  phosphate  is  readily  soluble  in  both  nitric  and  hydro- 
chloric acids.  It  is  decomposed  by  sulphuric  acid,  with  the  forma- 
tion of  monocalcium  orthophosphate  and  calcium  sulphate,  thus — 

Ca3(P04)j + 2H  SaO^  =  2CaS04  +  H^CaCPO^)^ 

This  mixture  of  calcium  sulphate  and  monocalcium  phosphate 
is  known  as  superphosphate  oflime^  and  is  largely  used  as  an  arti- 
ficial manure. 

With  a  larger  quantity  of  sulphuric  acid  the  phosphate  is  con- 
verted into  tri basic  phosphoric  acid.     (See  Phosphorus,  page  453.) 

Calcium  Carbide,  CaCs. — This  compound  is  produced  when 
lime  or  chalk  is  heated  with  carbon  in  the  electric  furnace.  It  is 
also  obtained  as  a  second  product  in  the  manufacture  of  phosphorus 
when  calcium  phosphate  is  heated  with  carbon  (see  Phosphorus). 
Calcium  carbide  is  manufactured  on  an  extensive  scale  for  use  in 
the  preparation  of  acetylene  (page  318). 

Calcium  Sulphide,  CaS,  is  formed  when  sulphuretted  hydrogen 
is  passed  over  heated  lime — 

Ca(HO),+H3S  =  CaS  +  2H20. 

Or  by  heating  calcium  sulphate  with  carbon — 

CaS044-4C=CaS  +  4CO. 

Calcium  sulphide  is  decomposed  on  boiling  with  water,  forming 
calcium  hydroxide  and  hydrosulphide,  thus — 

2CaS4-2H20  =  Ca(HO)j  +  Ca(HS)2. 

Calcium  sulphide  (in  common  with  barium  and  strontium  sul- 
phides), as  usually  obttdned^  possesses  the  property  of  emitting  a 
feeble  light  (or  phosphorescence)  in  the  dark,  after  being  previously 
exposed  to  a  bright  light.  The  light  emitted  gradually  diminishes 
in  intensity,  but  on  re-exposing  the  compound  to  the  light  its 
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luminosity  is  again  restored.  This  property  has  been  long  known, 
and  calcium  sulphide  was  formerly  termed  Canton^s  phosphorus. 
The  material  formerly  known  as  Bononian  (or  Boiognian)  phos- 
phorus is  the  corresponding  barium  compound. 

These  various  sulphides  are  now  manufactured  for  the  preparation  of 
so-called  luminous  paint.  The  phosphorescence  of  these  compounds  appears 
to  be  due  to  the  presence  of  small  quantities  of  foreign  substances ;  thus,  not 
only  is  the  particular  colour  of  the  light  emitted  changed  by  the  intentional 
introduction  of  minute  traces  of  bismuth,  cadmitmi,  manganese,  zinc,  and 
many  other  metals,  but  it  has  been  shown,  in  the  case  of  calcium  sulphide, 
that  the  perfectly  pure  substance  does  not  exhibit  phosphorescence. 


STRONnUM. 

Formula,  Sr.    Atomic  weight =87. 6. 

Occurrence. — The  chief  natural  compounds  of  this  element  are 
strontianite^  SrCOs,  and  celestine^  SrS04. 

Modes  of  Formation. — The  metal  was  first  obtained  in  small 
quantity  by  Davy,  by  the  electrolysis  of  the  hydroxide,  or  chloride, 
moistened  with  water. 

It  is  more  advantageously  obtained  by  electrolysing  the  fused 
chloride.  An  amalgam  of  mercury  and  strontium  (from  which  the 
strontium  may  be  separated  by  volatilising  the  mercury  in  a  stream 
of  hydrogen)  has  been  obtained  by  heating  a  saturated  solution  of 
strontium  chloride  with  sodium  amalgam. 

Properties. — Strontium,  as  obtained  by  these  methods,  pos- 
sesses a  pale  yellow  colour.  It  is  readily  oxidised  by  air,  and 
decomposes  water  at  ordinary  temperatures ;  when  heated  in  the 
air  it  burns  brilliantly. 

Oxides  of  Strontium. — Two  oxides,  corresponding  to  those  of 
calcium,  are  known,  namely,  strontium  monoxide,  SrO,  and  dioxide, 
SrOj. 

Strontium  Monoxide  {strontia),  SrO,  is  obtained  by  heating  the 
nitrate  or  carbonate.  It  is  prepared  on  a  large  scale  by  decompos- 
ing strontium  carbonate  by  superheated  steam  ;  carbon  dioxide  is 
evolved,  and  strontium  hydroxide  remains,  which  on  ignition  forms 
the  monoxide.  Strontia  strongly  resembles  lime.  When  treated 
with  water  it  slakes  with  evolution  of  heat,  fonning  strontium 
hydroxide,  Sr(HO)2.  The  hydroxide  is  more  soluble  in  water  than 
the  lime  compound,  and  the  solution  on  cooling  deposits  quadratic 
n-ystals,  Sr(H0).^,8H,,0.     The  solution  is  strongly  alkaline. 
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Strontium  hydroxide  combines  with  sugar,  forming  a  saccharate 
of  strontia,  which  is  readily  decomposed  by  carbon  dioxide.  On 
this  account  it  is  prepared  on  a  large  scale  for  use  in  the  manu- 
facture of  beet-sugar.  One  process  by  which  it  is  obtained  on  a 
commercial  scale  consists  in  first  forming  strontium  sulphide,  by 
reducing  the  natural  sulphate  with  carbon,  and  treating  the  solution 
of  the  sulphide  with  sodium  hydroxide,  thus — 

SrS  +  NaHO  +  HjO  =  Sr(HO),+NaHS. 

Strontium  Dioxide,  SrO^.— When  hydrogen  peroxide  is  added 
to  a  solution  of  strontium  hydroxide,  a  hydrate  of  the  peroxide 
separates  out  in  the  form  of  pearly  crystals,  Sr02,8H20.  On  gently 
heating  this  compound,  it  is  converted  into  the  anhydrous  peroxide. 
On  heating  to  redness  it  evolves  oxygen,  and  is  converted  into  the 
monoxide. 

Strontium  Chioride,  SrCl„  is  obtained  from  strontianite  by  the 
action  of  hydrochloric  acid.  The  salt  deposits  from  the  solution  in 
deliquescent  hexagonal  prisms,  SrCl2,6H20,  isomorphous  with  the 
corresponding  calcium  compound. 

Strontium  Sulphate,  SrSOf.— The  native  compound  celestine 
occurs  in  amorphous  fibrous  masses,  and  also  in  rhombic  crystals. 
The  name  of  the  mineral  is  derived  from  the  fact  that  it  usually 
has  a  light  blue  colour.  It  is  produced  by  precipitation  from  a 
strontium  salt  by  sulphuric  acid.  It  is  only  slightly  soluble  in  cold 
water,  and  still  less  in  hot.  When  boiled  with  solutions  of  alkaline 
carbonates,  strontium  sulphate  is  completely  converted  into  stron- 
tium carbonate — 

SrS04  +  Na2C03= SrCOa-f  Na2S04. 

In  this  respect  strontium  sulphate  differs  from  barium  sulphate, 
which  under  these  conditions  remains  unchanged.  On  treatment 
with  strong  sulphuric  acid,  strontium  sulphate  forms  SrS04,H2SO|, 
which,  like  the  corresponding  calcium  compound,  is  converted  by 
water  into  sulphuric  acid  and  the  nonnal  sulphate. 

Strontium  Nitrate,  Sr(N03)2,  is  obtained  by  dissolving  the 
natural  carbonate  in  dilute  nitric  acid.  On  concentration,  the 
anhydrous  salt  separates  out  in  regular  octahedrons.  From  dilute 
solution,  on  cooling,  it  forms  monosymmetric  prisms,  Sr(N03)2, 
lIIjC),  which  effloresce  on  exposure  to  the  air.  When  heated  with 
carbon,  or  other  readily  combustible  substances,  the  mixture  in- 
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flames  and. bums  with  the  red  colour  characteristic  of  strontiunt  \ 
compounds ;  strantium  nitrate  is  therefore  largely  used  in  pyr»-  1 
techny  for  the  production  of  red   fire.    This  property  is  most  I 
readily  iijusltated  by  mixing  dry  powdered  strontium  nitrate  with 
ammonium  picrate,  and  igniting  the  mijiiure,  which  bums  with  a 
brilliant  red  light. 


BAsnna. 

Syralxjl.  Ba,     Atomic  WPighl  =  i37.4. 

—The  tnost  abundant  natural  compounds  of  barium 
are  kiavy  spar,  IlaSOj,  and  ivilHeriU,  BaCOj.  It  occurs  also, 
associated  with  calcium,  in  the  mineral  baryloealcile,  BaC0|,CaCOj. 

■odM  Ot  FonnaUoiL—Thi;  elemeut  banum  a  more  difficult  to  Isilate  than '1 
either  Uiontium  or  rakium,  and  il  a  duittxrul  whether  pure  barium  bos  evs'  1 
been  obtiitied.  Davy  electrolysnl  various  barium  salts,  made  into  a  ihidt 
pssiB  with  water,  using  mercury  as  Ibe  negative  electrode :  in  this  way  an 
amalgam  ot  barium  was  fontied,  from  whieli,  on  distilling  away  Ilie  ruercury. 
a  Aai\i  porous  ma.'is  was  obtained.  Amalgams  of  barium  and  mercury  have 
been  prepared  in  other  ways,  but  il  has  tiecn  shown  tbat  the  product  obtained 
after  distilling  the  mercury  from  these  is  tiol  pure  barium,  but  is  a  solid  alloy 
or  compound  of  barium  with  mercury. 

By  the  electrolysis  of  the  fused  cliloridc.  Matlhiessen  obtained  small  globula  j 
of  metal,  which  on  exposure  to  ihe  air  rapidly  oiddised.     More  recent  r 
mentcrs  fail  In  obtain  the  metal  by  this  process  (limb..  Comfl.  Xrnd.,  II 

Oxides  of  BaFllim. — Two  oxides  are  known,  namely,  ba 
monoxide,  BaO,  and  dioxide,  BaOj. 

Barium  Monoxide  {baryta),  BaO,  is  usually  prepared  by  bcaK 
ing  the  nitrate.     The  mass  liises  and  evolves  oxygen  and  oxides  O 
nitrogen,  leaving  a  greyish  white  friable  residue  of  the  oxide, 
may  also  be  obtained  by  heating  the  carbonate  ;  but  as  the  te 
peraturc  necessary  to  expel  the  carbon  dioxide  is  very  high,  it  i 
usual  to  mix  the  carbonate  with  lampblack,  tar,  or  other  sub>3 
stances  which  on  healing  will  yield  carbon,  when  the  conversitnr| 
takes  place  more  readily,  carbon  monoxide  being  evolved,  I 

BaCOj  +  C  =  BaO+2CO. 

.Small  (Quantities  may  readily  be  obtained  by  heating  barini 
iodate  in  a  porcelain  crucible,  when  the  iodaie  is  decomposed  a 
I  'ollows— 

Ba(IO,)i=BaO  +  l,+GO. 
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Barium  oxide  is  a  strongly  caustic  and  alkaline  compound ;  in 
contact  with  water  it  slakes  with  evolution  of  so  much  heat  that 
the  mass  may  become  visibly  red  hot  if  too  much  water  be  not 
added. 

When  heated  to  a  dull  red  heat  in  oxygen,  or  air,  it  takes  up  an 
additional  atom  of  oxygen  and  forms  the  dioxide  (see  p.  184). 

Barium  Hydroxide,  Ba(HO)2,  is  obtained  when  the  monoxide 
is  slaked  with  water.  It  is  manufactured  by  first  heating  the 
powdered  native  sulphate  with  coal,  when  a  crude  barium  sulphide 
is  formed.  This  is  then  heated  in  a  stream  of  moist  carbon 
dioxide,  whereby  it  is  converted  into  the  carbonate,  and  super- 
heated steam  is  then  passed  over  the  heated  carbonate — 

BaS  +  HjO  +  COj=BaCOs+H2S. 
BaC03+Hj|0=Ba(HO),+C02. 

Barium  hydroxide  is  soluble  in  water :  the  solution,  known  as 
baryta-water^  absorbs  carbon  dioxide,  with  the  precipitation  of 
barium  carbonate. 

The  aqueous  solution  deposits  crystals  of  hydrated  barium 
hydroxide,  Ba(HO)2,8H20,  in  the  form  of  colourless  quadratic 
prisms,  which  on  exposure  to  the  air  lose  seven  molecules  of  water. 

Barium  hydroxide,  when  heated  in  a  current  of  air,  yields  barium 
dioxide. 

Barium  hydroxide  was  formerly  employed  in  sugar-refining,  but 
owing  to  its  poisonous  nature  it  has  been  superseded  by  strontium 
hydroxide  (^.'Z'.). 

Barium  Dioxide  {barium  peroxide),  BaOjj.  —  This  oxide  is 
obtained  by  healing  the  monoxide  to  a  low  red  heat  in  a  stream  of 
oxygen,  or  of  air  which  has  been  deprived  of  atmospheric  carbon 
dioxide. 

The  pure  compound  may  be  obtained  by  adding  an  excess  of 
baryta-water  to  hydrogen  peroxide,  when  hydrated  barium  per- 
oxide separates  out  in  crystalline  scales — 

Ba(HO),+  H20j-|-6H20  =  BaOa,8H20. 

On  drying  in  vacuo  at  130°  this  compound  loses  water  and  is 
converted  into  the  anhydrous  peroxide. 

The  commercial  peroxide  may  be  purified  by  treatment  with 
dilute  hydrochloric  acid,  whereby  barium » chloride  and  hydrogen 
peroxide  are  formed.    Afler  the  removal  of  insoluble  impurities  by 
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filtration,  baryta-water  is  cautiously  added,  which  causes  the  pre- 
cipitation of  ferric  oxide  and  silica.  The  liquid  is  then  filtered, 
and  to  the  clear  liquid,  consisting  of  a  solution  of  barium  chloride 
and  hydrogen  peroxide,  an  excess  of  strong  baryta-water  is  added, 
when  the  hydrated  barium  peroxide  is  precipitated,  as  already 
explained. 

Barium  peroxide  is  a  grey  powder,  which  on  being  heated  to  a 
bright  red  heat  gives  up  oxygen  and  forms  the  monoxide  (p.  184). 

Dilute  acids  decompose  barium  peroxide,  with  formation  of 
hydrogen  peroxide  and  a  barium  salt.  Concentrated  sulphuric 
acid  forms  barium  sulphate  and  ozonised  oxygen.  When  gently 
warmed  in  a  stream  of  sulphur  dioxide,  the  mass  becomes  incan- 
descent and  forms  barium  sulphate — 

BaO,+SO,=  BaS04. 

Barium  Chloride,  BaClj^,  may  be  obtained  by  dissolving  the 
natural  carbonate  in  hydrochloric  acid.  It  may  be  obtained  from 
the  natural  sulphate,  either  by  first  converting  it  into  the  sulphide, 
and  decomposing  that  with  hydrochloric  acid,  or  by  roasting  the 
mineral  with  powdered  coal,  limestone,  and  calcium  chloride,  when 
the  following  reactions  take  place — 

BaS044-4C  =  BaS+4CO. 
BaS-|-CaCla  =  BaCl2  +  CaS. 

The  barium  chloride  is  dissolved  in  water,  and  an  insoluble  oxy- 
sulphide  of  calcium  remains. 

Barium  chloride  forms  colourless  rhombic  tables,  BaClsfSHjO, 
which  at  15.6"  are  soluble  to  the  extent  of  43. 5  parts  in  100  parts 
of  water.  The  salt  is  nearly  insoluble  in  hydrochloric  acid,  and 
may  therefore  be  precipitated  from  an  aqueous  solution  by  the 
addition  of  this  acid. 

Barium  chloride,  in  common  with  all  the  soluble  salts  of  this 
element,  is  highly  poisonous. 

Barium  Sulphate,  BaS04,  is  the  most  abundant  naturally 
occurring  barium  compound.  It  is  frequently  met  with  as  large 
rhombic  crystals.  The  specific  gravity  of  the  mineral  is  4.3  to 
4.7  ;  and  on  account  of  its  high  specific  gravity  it  received  the 
name  of  barytes^  or  heavy  spar. 

It  is  formed  as  a  heavy  white  precipitate  when  sulphurit  acid, 
or  a  soluble  sulphate,  is  added  to  a  solution  of  a  barium  salt.  It  is 
insoluble  in  water  and  only  very  slightly  soluble  in  dilute  acids. 
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It  is  soluble  in  hot  concentrated  sulphuric  arid,  especially  when 
freshly  precipitated  ;  and  the  solution  deposits,  on  cooling,  an  acid 
sulphate,  BaS04,H2S04.  On  exposure  to  moisture  the  solution 
deposits  crystals  of  BaSOi^HjSOi^SHjO.  Both  of  these  com- 
pounds, in  contact  with  water,  yield  insoluble  normal  barium 
sulphate  and  sulphuric  acid. 

Precipitated  barium  sulphate  is  largely  used, as  a  pigment, 
known  as  pertfMnent  white. 

Barium  Nitrate,  BaCNOj)],  is  obtained  by  dissolving  the  native 
carbonate,  or  the  sulphide,  in  dilute  nitric  acid.  It  is  also  formed 
by  double  decomposition,  when  hot  saturated  solutions  of  sodium 
nitrate  and  barium  chloride  are  mixed.  The  salt  crystallises  in 
large  colourless  octahedra  belonging  to  the  regular  system.  100 
parts  of  water  at  the  ordinary  temperature  dissolve  9  parts,  and  at 
100',  32.2  parts  of  barium  nitrate.  When  strongly  heated  it  is 
converted  into  barium  oxide,  with  the  evolution  of  nitrogen  per- 
oxide, oxygen,  and  nitrogen. 

Barium  nitrate  is  used  in  pyrotechny,  in  the  preparation  of 
mixtures  for  green  fire. 

Barium  Sulphide,  BaS,  is  obtained  by  methods  analogous  to 
those  for  preparing  calcium  sulphide  (page  583),  which  it  closely 
resembles  in  its  properties. 


CHAPTER   VII 

ELEMENTS  OP  GROUP  II.  {PAMILY  B.) 

Zinc,  Zn 65.4 

Cadmium,  Cd 113.4 

Mercury,  Hg 200.3 

The  three  elements  composing  this  family  do  not  exhibit  such 
a  close  resemblance  to  each  other  as  exists  between  barium, 
strontium,  and  calcium  ;  for  although  zinc  and  cadmium  are  very 
closely  related,  mercury  in  many  respects  differs  widely  from  these, 
and  from  all  the  other  elements  in  the  same  group. 

Cadmium  and  zinc  are  almost  invariably  found  associated 
together  in  nature,  they  are  both  fairly  permanent  in  the  air, 
and  both  readily  take  fire  and  bum  when  strongly  heated, 
forming  the  oxides.  Both  are  acted  upon  by  dilute  hydrochloric 
and  sulphuric  acids,  with  evolution  of  hydrogen,  and  most  of  their 
salts  are  isomorphous. 

Mercury  is  peculiar  in  being  liquid  at  ordinary  temperatures. 
Zinc  and  cadmium  melt  at  430**  and  320**  respectively,  while 
mercury  melts  at  —38.8°.  It  is  quite  unacted  upon  by  oxygen  at 
ordinary  temperatures,  and  combines  with  extreme  slowness  when 
heated.  Its  oxide,  also,  is  readily  decomposed  by  heat  into  its 
elements. 

Dilute  hydrochloric  and  sulphuric  acids  are  entirely  without 
action  upon  it,  and  it  forms  no  hydroxide. 

The  hydroxide  of  zinc,  Zn(HO).2,  differs  from  the  corresponding 
cadmium  compound,  in  being  soluble  in  alkaline  hydroxides. 

These  three  elements  resemble  each  other,  and  differ  from 
those  of  family  A  of  this  group,  in  that  they  can  be  volatilised, 
mercury  at  a  temperature  about  357^  cadmium  and  zinc  at 
temperatures  approaching  Iooo^ 

These  three  elements  are  also  alike,  in  that  their  vapours  con- 
sist of  mono-atomic  molecules. 
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» 

zmc. 

S3rinbol,  Zn.     Atomic  weight = 65.4- 

Occurrence.— Zinc  is  stated  to  have  been  found  in  Australia  in 
the  uncombined  condition  ;  with  this  exception,  it  is  always  met 
with  in  combination,  chiefly  as  carbonate  in  calamine  or  zinc-spar^ 
ZnCOj,  and  as  sulphide  in  sine-blende^  or  black-jack^  ZnS.  Other 
ores  are  red  zinc  ore^  ZnO  ;  BXid/rankliniie^  (ZnFe)0,Fe203. 

GahniUy  or  zinc-spinnelle^  has  the  composition  ZnO^Al^Os. 

Modes  of  Formation. — The  ores  chiefly  employed  for  the  pre- 
paration of  zinc  are  the  carbonate  and  sulphide,  although  in  New 
Jersey  the  red  oxide  and  franklinite  are  used.  The  process  con- 
sists of  two  operations,  namely,  flrst,  the  conversion  of  the  ore  into 
oxide  of  zinc,  by  calcination ;  and,  second,  the  reduction  of  the  oxide 
by  means  of  coal  at  a  high  temperature.  The  calcination  of  the 
natural  carbonate  is  readily  accomplished,  this  compound  merely 
giving  up  its  carbon  dioxide  at  a  high  temperature — 

ZnC03=ZnO  +  C02. 

In  the  case  of  zinc-blende,  the  operation  consists  in  the  oxida- 
tion of  both  the  sulphur  and  the  zinc  by  atmospheric  oxygen,  thus — 

ZnS+30=ZnO  +  SOj. 

Considerable  care  has  to  be  exercised  in  order  to  prevent  the 
formation  of  zinc  sulphate,  which,  in  the  subsequent  operation, 
would  be  reconverted  into  sulphide,  and  so  lost  The  finely 
crushed  calcined  ore  is  mixed  with  coke  or  coal  and  heated  to 
bright  redness  in  earthenware  retorts,  when  the  oxide  is  reduced, 
with  the  formation  of  carbon  monoxide,  and  the  metal  distils  and 
is  collected  in  iron  receivers.  Zinc  ores  frequently  contain  small 
quantities  of  cadmium,  and  as  this  metal  is  more  readily  volatilised 
than  zinc,  it  passes  over  in  the  first  portions  of  the  distilled 
product. 

The  two  processes  now  almost  exclusively  in  use  for  the  reduc- 
tion of  zinc,  known  as  the  Silesian  and  the  Belgian  process,* 
difier  only  in  metallurgical  details,  &c 

*  The  old  method,  known  as  the  English  process,  or  distillation  per 
t/fscensum,  is  entirely  obsolete.  For  details  of  this  and  all  other  metallurgical 
processes,  the  student  is  referred  to  treatises  on  metallurgy,  such  as  Percy. 
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Commercial  zinc  usually  contains  carbon,  iron,  and  lead,  and 
occasionally  arsenic  and  cadmium.  It  may  be  obtained  in  a  higher 
degree  of  purity  by  careful  distillation,  but  pure  zinc  is  best  ob- 
tained by  first  preparing  the  pure  carbonate  by  precipitation,  and 
then  calcining  and  finally  reducing  with  charcoal  obtained  from 
sugar. 

Properties. — ^Zinc  is  a  bluish-white,  highly  crystalline,  and 
brittle  metal.  At  a  temperature  of  300"  it  can  be  readily  powdered 
in  a  mortar,  while  between  100°  and  1 50*  it  admits  of  being  drawn 
into  wire  or  rolled  into  thin  sheet.  The  presence  of  a  small 
quantity  of  lead  greatly  enhances  this  property,  but  is  detrimental 
when  the  zinc  is  required  for  making  brass.  Zinc  which  has  been 
either  rolled  or  drawn  no  longer  becomes  brittle  when  cold,  but 
retains  its  malleability. 

Zinc  melts  at  a  temperature  about  430,°  and  when  heated  in  air 
much  beyond  this  point  the  metal  takes  fire  and  bums  with  a  bluish- 
white  flame,  the  brilliancy  of  which  becomes  dazzling  if  a  stream  of 
oxygen  be  projected  upon  the  burning  mass.  The  product  of  its 
combustion  is  zinc  oxide,  ZnO,  which  fornis  a  soft,  white,  flocculent 
substance  resembling  wool,  and  formerly  known  as  philosopher's 
wool. 

The  boiling-point  of  zinc  is  about  930". 

Zinc  is  j)ennanent  in  dry  air  at  ordinary  temperatures,  but  when 
exposed  to  moist  air  it  tarnishes  superficially  ;  it  is  also  unattacked 
by  water  at  the  boiling  temperature.  It  is  soluble  in  a  hot  solution 
of  sodium  or  potassium  hydroxide,  with  evolution   of  hydrogen 

(P-  175)- 

Pure  zinc  is  scarcely  acted  upon  by  pure  sulphuric  or  hydrochloric 

acid,  either  dilute  or  strong.     The  presence  of  small  quantities  of 

impurities,  however,  determines  the  solution  of  the  metal  with  the 

rapid  evolution  of  hydrogen,  hence  ordinary  commercial  zinc  is 

readily  attacked  by  these  acids,  and  also  decomposes  water  at  the 

boiling-point,  with  the  evolution  of  hydrogen.* 

*  The  difference  beiween  the  behaviour  of  acids  towards  pure  and  com- 
mercial zinc  was  formerly  explained  on  the  ground  that  the  impurities  present 
formed  with  the  zinc  a  volatile  couple,  whereby  local  electric  currents  were  set 
up,  while  in  the  case  of  pure  zinc  no  such  action  took  place.  The  recent 
observations  of  Pullinger  [Chetn.  Soc,  57)  and  Weeren  (Berichtf,  24)  show  that 
this  is  not  a  complete  explanation.  Weeren  concludes  that  the  insolubility  of 
pure  zinc  in  dilute  acids  is  due  to  the  formation  of  a  film  of  condensed  hydrogen 
u|>on  the  surface  of  the  metal,  which  stops  all  further  action.  The  addition  of 
oxidising  agents,  such  as  hydrogen  p-roxide,  or  dilute  sulphuric  acid  which  has 
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Zinc  is  extensively  used  in  the  process  oi galvanistnjs^'won^  which 
consists  in  coating  iron  with  a  film  of  zinc,  not  by  electrical  deposi- 
tion, as  would  be  implied  by  the  name,  but  by  dipping  the  iron 
into  a  bath  of  molten  zinc.  The  layer  of  zinc  preserves  the  iron 
from  rusting.  Galvanised  iron  is  better  able  to  withstand  the 
action  of  air  and  moisture  than  tinned  iron,  hence  it  is. extensively 
used  for  wire  netting,  corrugated  roofing,  water  tanks,  and  other 
purposes  where  the  metal  is  exposed  to  the  oxidising  influence  of 
air  and  water. 

Alloys  of  Zine. — Zinc  forms  a  number  of  useful  alloys,  the  most 
important  of  which  are  the  various  forms  of  brass  (see  Copper). 
With  certain  metals,  such  as  tin,  copper,  and  antimony,  zinc  will 
mix  in  all  proportions ;  while  with  others,  such  as  lead  and  bismuth, 
it  is  only  possible  to  obtain  solid  alloys  of  definite  composition. 
When,  therefore,  lead  and  zinc  are  melted  together,  although  in 
the  molten  condition  the  mixture  is  homogeneous,  on  cooling  the 
metals  separate  into  two  layers,  the  lighter  zinc  rising  to  the  surface. 
The  separation  of  the  metals,  however,  is  not  perfect,  for  the  zinc 
will  have  dissolved  a  certain  quantity  of  the  lead  (1.2  per  cent.), 
and  the  lower  layer  of  lead  is  found  to  have  dissolved  a  small 
proportion  of  zinc  (1.6  per  cent.),  just  as  water  and  ether,  when 
shaken  together,  separate  into  two  layers,  the  uppermost  being  an 
ethereal  solution  of  water,  and  tht  lower  an  aqueous  solution  of 
ether. 

This  property  is  made  use  of  in  the  extraction  of  silver  from  lead 
(see  p.  561). 

The  so-called  German  silver,  or  nickel  silver^  is  a  nearly  white 
alloy  of  copper,  nickel,  and  zinc. 

Bronze  coinage  consists  of  95  parts  of  copper,  4  of  tin,  and  1  of 
zinc,  the  small  proportion  of  zinc  giving  to  the  alloy  an  increased 
hardness  and  durability. 

Zino  Oxide,  ZnO,  the  only  oxide  of  zinc,  occurs  native  as  red 
zinc  ore^  the  colour  being  due  to  the  presence  of  manganese.     It  is 

been  electrolysed,  and  therefore  contains  presulphuric  acid,  tends  to  destroy 
this  film  by  oxidising  the  hydrogen,  and  therefore  promotes  the  solution  of  the 
zinc.  He  also  finds,  that  by  mechanically  removing  this  layer  Of  hydrogen, 
either  by  constantly  brushing  the  metallic  surface  or  placing  the  materials 
under  reduced  pressure,  the  solution  of  the  «nc  by  the  acid  is  promoted.  Il  is 
also  found  that  the  character  of  the  surface  of  the  metal,  whether  smooth  or 
rough,  affects  the  result ;  zinc  that  is  unacted  upon  when  its  surface  is  perfectly 
smooth  is  more  readily  attacked  by  the  dilute  acid  when  its  surface  is  rough. 

2  P 
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fiirmed  »s  a  soft  white  substance  when  ^inc  is  burnt  In  the  air.  It 
is  manufactured  under  the  name  of  sine  white  by  the  combustion 
of  zinc,  the  fumes  being  led  into  condensing-chambers,  where  the 
oxide  collects. 

Zinc  oxide  is  a  pure  white  substance,  which  when  heated  becomes 
yellow,  biUagain  becomes  white  on  cooling.  When  strongly  heated 
in  oxygen,  it  may  be  obtained  in  the  form  of  hexagonal  crystals  ; 
such  crystals  aie  occasionally  found  in  the  cooler  parts  of  zinc 
furnaces.  The  oxide  does  not  fuse  in  the  oxyhydrogeii  flame,  but, 
like  Ume,  under  these  circumstances  it  becomes  intensely  incan- 
descent ;  for  some  time  after  being  so  heated  it  appears  phos- 
phorescent in  the  dark.  It  is  insoluble  in  water,  and  does  not 
combine  directly  with  water  to  form  the  hydroxide.  It  dissolves 
in  acids,  giving  rise  to  ilie  diflerent  iinc  salts.  Zinc  oxide  is  largely 
used  in  the  place  iif  "  white  lead  "  as  a  pigment  ;  although  it  docs 
not  equal  white  lead  in  covering  power,  or  body,  it  possesses  llie 
advantage  of  not  being  blackened  by  exposure  to  atmospheric 
sulphuretted  hydrogen. 

Zinc  Hydroxide,  Zn(HO)„  is  formed  as  a  white  floccuient  pre- 
cipitate, when  either  sodium  or  potassium  hydroxide,  or  a  solution 
iif  ammonia,  is  added  to  a  solution  of  zinc  sulphate.  The  compound 
is  soluble  in  an  excess  of  either  alkali,  and  is  deposited  from  a 
strong  solution  in  regular  octahedra  of  the  hydraled  hydroxide, 
Zn(HO)aHjO.  Both  of  these  compounds  on  heating  readily  lose 
water,  and  are  converted  into  the  oxide. 

Zinc  Chloride,  ZnClj,  is  formed  by  the  direct  combination  of  linc 
with  chlorine,  or  by  the  action  of  hydrochloric  acid  upon  the  metal. 
It  is  also  obtained  in  the  anhydrous  state  by  distilling  a  mixture  of 
mercuric  chloride  and  zinc,  or  a  mixture  of  anhydrous  zinc  sulphate 
and  calcium  chloride. 

It  is  usually  prepared  on  a  large  scale  by  dissolving  linc  In 
hydrochloric  acid,  and  after  precipiiallng  any  manganese  and  iron, 
the  liquid  is  boiled  down  in  enamelled  iron  vessels,  until  on  cooling 
it  solidifies  ;  it  is  usually  cast  into  slicks, 

Zinc  chloride  is  a  sofl,  white,  easily  fusible  solid,  which  volatilises 
and  distils  without  decompositioa  It  is  extremely  deliquescent, 
and  readily  soluble  in  water  and  in  alcohol,  its  solution  being 
powerfully  caustic.  From  a  strong  aqueous  solution  deliquescent 
crystals  arc  deposited,  having  the  composition  ZnCli,H,0. 

When  the  aqueous  solution  is  evaporated,  partial  decompiosititwj 
takes  place,  hydrochloric  acid  being  evolved  and  basic  compounds 


Zinc  Sulphide 

Iwing  prctipiiaied,  consisting  of  combinations  of  the  chloride  and 
jotide.     Hence,  during  the  concentration  of  the  lit|uid  in  the  pre- 
Fjnration  of  line  chloride,  hydrochloric  acid  is  added  to  rcdissolve 
I  ibis  compound. 

A  paste  made  by  moisteninB  zinc  oxide  with  tine  chloride  rapidly 
sels  to  a  hard  mass  ;  this  mixture,  under  the  name  of  oxychloridc 
of  rinc,  is  employed  in  dentistry  as  a  tilling  or  slopping  for  teeth. 

Zinc  chloride  unites  with  alkaline  chlorides,  forming  a  si 
crystalline  double  salts  having  the  general  formula  ZnC1i,^RCI. 

ZIne  Sulphate,  ZnSOi,  is  formed  when  line  is  dissolved  in 
sulphuric  acid.  It  is  obtained  on  a  large  scale  by  rousting  the 
natural  sulphide,  whereby  it  is  partially  converted  into  the  sulphate, 
which  is  then  extracted  with  water. 

The  salt  crystallises  from  its  aqueous  solution  at  ordinary  tem- 
peratures in  colourless  rhombic  prisms,  ZnS<!l(,VH,0,  isomorphoua 
with  MbSO,,7H,0.     It  is  extremely  soluble  in  waier  ;  too  parts  of 
water  at  the  ordinary  tetnperBlure  dissoK-c  i6o  pans,  and  at  loo", 
653.6  parts  of  the  crystalline  salts.     When  exposed  to  the  air,  the 
crystals  slowly  effloresce,  and  if  placed   in  vacuo  over  sulphuric 
acid,  or  if  healed  to  loo*,  they  lose  six  molecules  of  water,  leaving 
the  monohydtaled  salt  ZnSO„H,0.    At  a  temperature  about  300" 
this  is  converted  into  the  anhydrous  compound,  and  at   a  white 
heat  it  gives  olT sulphur  dioxide  and  oxygen,  leaving  the  oxide. 
The  hydraied  s.ilt,  ZnSOj.eHjO,  is  obtained  in  the  form  of  m 
symmetric  cr>'stals,  when  the  salt  is  deposited  at  temperatures 
above  40*,     This  compound  is  isomorphous  with  MgS0j,6H,0. 
Zinc  sulphate  combines  with  alkaline  sulphates,  forming  a  scries 
f  double  salts,  having  the  general  formula  ZnSO„R,SOu6>(,0, 
re  also  isomorphous  with  the  corresponding  magnesium 
mpounds  (page  576). 
Zinc  sulphate,  in  common  with  all  the  soluble  salts  of  anc,  has 
B.«n  asiringent  taste,  and  is  poisonous. 

ZIno  Sulphide,  ZnS.— The  natural  compound,  xinr'Mende,  is 
tually  dark-brown  or  black,  and  exhibits  crystalline  forms  bclong- 
I  jng  to  the  regular  system.     The  mineral  ivurt 
t  variety  of  linc  sulphide,  crystallising  in  hexagonal  prisms^    Zir 
I  lulphide  is  obtained  as  a  while  amorphous  precipitate   when  a 
alkaline  sulphide  is  added  to  a  solution  of  a  linc  sail,  or  when 
sulphuretted  hydrogen  is  passed  through  an  alkaline  solut 
line  salt 
Precipitated  linc  sulphide  is  insoluble  in  ac 
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dissolves  in  dilute  mineral  acids,  with  evolution  of  sulphuretted 
hydrogen  ;  hence  the  compound  is  not  formed  when  sulphuretted 
hydrogen  is  passed  through  a  solution  of  a  zinc  salt  containing  a 
free  mineral  acid. 

Zinc  CaPbonate,  ZnCOg,  is  obtained  as  a  white  powder  when 
hydrogen  sodium  carbonate  is  added  to  a  solution  of  zinc  sulphate. 

If  normal  sodium  carbonate  be  employed,  the  precipitated  zinc 
compound  consists  of  a  basic  carbonate,  whose  composition  varies 
with  the  conditions  of  temperature  and  concentration  of  the  liquids. 

A  basic  carbonate, having  the  composition  ZnC03,2Zn(HO)j,H20, 
is  employed  as  a  pharmaceutical  preparation  under  the  name  sinci 
carboneis, 

CADMIUM. 

Symbol.  Cd.     Atomic  weight  =  112.4. 

Occurrence. — Cadmium  is  never  found.in  the  uncombined  state. 
The  only  natural  compound  of  which  cadmiiun  is  the  chief  con- 
stituent is  the  extremely  rare  mineral  greenockife^  which  is  the 
sulphide,  CdS.  Cadmium  occurs  in  small  quantities  in  many  zinc 
ores,  such  as  the  sulphide  and  carbonate  ;  and  in  the  process  of 
extracting  zinc  from  these  ores,  the  cadmium  is  obtained  in  the 
first  portions  of  the  product  of  the  distillation,  partly  as  metal 
and  partly  as  oxide. 

Mode  of  Formation. — The  crude  product  of  distillation  is  dis- 
solved in  dilute  sulphuric  or  hydrochloric  acid,  and  the  cadmium 
precipitated  as  sulphide  by  means  of  sulphuretted  hydrogen.  The 
cadmium  sulphide  is  then  dissolved  in  strong  hydrochloric  acid, 
and  precipitated  as  carbonate  by  means  of  ammonium  carbonate. 
The  washed  and  dried  carbonate  is  first  converted  into  oxide  by 
calcination,  and  finally  mixed  with  charcoal  and  distilled. 

Properties.  — Cadmium  is  a  bluish- white  metal  resembling  zinc 
in  appearance,  but  much  more  malleable  and  ductile.  It  tarnishes 
superficially  on  exposure  to  the  air,  and,  when  strongly  heated, 
bums  with  the  formation  of  a  brown  smoke  of  cadmium  oxide, 
CdO.  The  metal  is  attacked  by  dilute  hydrochloric  and  sulphuric 
acids,  with  the  evolution  of  hydrogen.  It  readily  dissolves  in  nitric 
acid,  yielding  the  nitrate,  with  the  formation  of  oxides  of  nitrogen. 
Cadmium  is  less  electro-positive  than  zinc,  and  is  precipitated  in 
the  metallic  condition  from  its  solutions  bv  that  metal. 

Cadmium  melts  at  320',  and  boils  about  745*.     When  volatilised 
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in  an  alrnosphcre  of  liydrogcn,  ii  Umws  crystals  belonging  to  the 
regular  system. 

Cadmium  Oxide,  CdO,  is  fonned  as  a  brown  fume  or  smoke 
when  cadmium  bums  in  the  air.  It  may  be  obtained  by  heating 
the  carbonate  or  nitrate.  That  obtained  by  the  ignition  of  the 
latter  salt  is  in  the  form  of  minute  crystals,  having  a  bluish-black 
appearance.  Cadmium  oxide  is  insoluble  in  water,  but  dissolves 
in  acids  yielding  cadmium  salts.  It  is  infusible  in  the  oxyhydrogen 
flame,  but  is  readily  reduced  when  heated  on  charcoal  before  the 
blowpipe  ;  and  the  reduced  metal,  as  it  volatilises  and  bums,  forms 
a  characteristic  brown  incrustation  of  oxide  upon  the  charcoal. 

Cadmium  Chloride,  CdCl,,  is  obtained  by  the  action  of  hydro- 
chloric acid  upon  the  metal  or  the  oxide.  The  salt  is  deposited 
from  the  solution  in  white  silky  crystals,  having  the  composition 
CdCl2,2H20.  On  exposure  to  the  air  the  crystals  effloresce,  and 
when  heated  become  anhydrous. 

Cadmium  Sulphide,  CdS,  is  obtained  as  a  bright  yellow  preci- 
pitate when  sulphuretted  hydrogen  is  passed  through  a  solution  of 
a  cadmium  salt.  The  precipitate  is  soluble  in  concentrated  hydro- 
chloric and  nitric  acids,  and  in  warm  dilute  sulphuric  acid.  Cad- 
mium sulphide  is  insoluble  in  ammonium  sulphide  ;  this  property 
readily  distinguishes  it  from  arsenious  sulphide,  which  m  colour 
it  closely  resembles. 

Cadmium  sulphide  is  used  as  a  pigment,  both  in  oil  and  water- 
colours. 


MEBCUBT. 

Symbol,  Hg.     Atomic  weight =200. 3. 

Occurrence. — In  the  uncombined  stite  mercury  is  met  with  in 
small  globules,  disseminated  through  its  ores,  especially  the  sul- 
phide. It  is  also  occasionally  found  as  an  amalgam  with  silver 
and  gold.  The  principal  ore  is  cinnabaVy  HgS,  and  the  chief 
mines  of  this  ore  are  those  of  Almaden  (Spain),  Idria  (Camiola), 
California,  and  the  Bavarian  Palatinate. 

Modes  of  Formation. — Mercury  may  be  obtained  from  the 
natural  sulphides  by  either  roasting  the  ore,  whereby  the  sulphur 
is  oxidised  to  sulphur  dioxide  and  the  metal  liberated,  or  by  dis- 
tillation in  closed  retorts  with  lime,  when  calcium  sulphide  and 
sulphate  are  formed,  and  the  mercury  set  free.  The  first  method 
is  almost  exclusively  employed. 
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At  Idria  the  crude  ore,  consisting  of  cinnabar  mixed  with  shale 
and  earthy  matters,  is  roasted  in  a  furnace,  upon  perforated  arches, 
"> ')'  '•  AA  ^ig-  <45-  The  action  of  the  fire  and  healed  air  is  to 
oxidise  the  sulphur  and  volatilise  the  mercury,  and  the  gases  and 
vapours  together  pass  through  a  series  of  tlues  or  chambers,  C,  C, 
where  the  mercury  condenses. 

By  the  use  of  a  reverberatory  furnace  (the  Albeni  furnace),  the 
process  can  be  made  continuous     The  ore  is  fed  into  the  furnace 


through  a  hopper  and  the  cal  ined  residue  is  raked  out  through 
an  opening,  at  the  opposite  end  of  the  hearth  The  gases  are 
passed  first  through  iron  pipes  kept  cool  b>  water  ind  then 
through  a  series  of  chambers  where  the  rcmamm^  metal  is 
condensed 
The  method  adapted  at  Almaden  is  essentially  the  same  as  the 
Id  nan  process  etcept  that  the 
condensation    takes    place    in     a    ' 

of  pear  shaped  earthen- 
ware vessels  called  i/ui  Is  \  hich 
are  connected  together  as  shown 
:  of  fortj  se^en  such  aludels  are 
a  chamber  immediately  dl«>\e  the 


in    Fi);.   146      Lsuall)   bit  r( 
connected  with  six  openings 


The  impure  mercury  is  freed  from  mechanically  mixed  impurities 
by  straining  or  lilicring  through  chamois  leather,  but  from  niclala 
in  solution,  such  as  zinc,  tin,  lead,  and  others,  it  Is  purified  by 
distillation.  For  laboratory  purposes,  pure  mercury  is  best  ob- 
tained by  distillation  in  vacuo,  by  means  of  the  apparatus  sliown  in 
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Fj;;.  147  (Cl.iikcl.  Ill  Lhii  ;irranj,'cment  the  mercury  is  dislilltil 
ill  a  S/iri'nj;d  vatimni.  The  mercury  (previously  clcined  by  beinj" 
ihoroughly  aKilatcd  "ith  mercuric  nitrate)  is  placed  in  the  reser- 
voir R,  which  is  then  placed  upon  the  upper  shelf  S,  and  by  means 
of  the  clamp,  mercury  is  allowed  to  pass  into  the  long  wide  tube  T, 
and  up  into  the  bulb.  The  air  in  the  tube  and  bulb  escapes  down 
the  narrow  inner  tube,  which  reaches  nearly  to  the  lop  of  the  bulb. 


Flc;.   147. 

as  seon  in  the  enlarged  det^l,  /.  The  mercury  is  allowed  to  rise 
in  (he  bulb  and  fall  down  the  long  inner  tube,  after  the  manner  of 
the  Sprengel  punip.  The  reservoir  is  then  placed  upon  the  lower 
adjustable  stand,  and  its  height  so  arranged  that  the  mercury  in 
the  bulb  falls  to  the  position  shown  in  the  figure.  This  space  is  a 
Torricellian  vacuum.  The  mercury  is  then  heated  by  a  ring- 
butner  U,  and  the  whole  is  protected  from  draught  by  the  hood  h. 
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As  the  mercury  distils,  it  passes  down  the  inner  tube,  and  by  its 
fall  continues  to  preserve  the  Sprengel  vacuum  within  the  bulb. 

PPOperties. — At  ordinary  temperatures  mercury  is  a  bright,  silver- 
white  liquid  metal  (hence  its  old  name  quicksilver^  ue,  live  silver). 
When  cooled  to  -38.8*  it  solidifies  to  a  highly  crystalline  solid, 
which  is  ductile  and  malleable,  and  softer  than  lead.  When  the 
liquid  is  cooled  it  contracts  uniformly  until  the  solidifying  point 
is  reached,  when  considerable  contraction  takes  place.  Solid 
mercury,  therefore,  is  denser  than  the  liquid  metal,  and  sinks  in 
it.  The  specific  gravity  of  liquid  mercury  at  o**  is  13.596,  while 
that  of  the  solid  at  its  melting-point  is  14.193.  Mercury  in 
extremely  thin  films  appears  a  violet  colour  by  transmitted  light. 

Under  a  pressure  of  760  mm.  mercury  boils  at  357.25*,  giving 
a  colourless  vapour.  The  density  of  mercury  vapour  referred  to 
hydrogen  is  100.15  ;  hence  this  element,  like  its  associates  in  the 
family  to  which  it  belongs,  consists  of  mono-atomic  molecules  when 
in  a  state  of  vapour.  Mercury  gives  off  vapour  even  at  ordinary 
temperatures,  and  a  gold  leaf  suspended  over  mercury  in  a  stop- 
pered bottle  gradually  becomes  white  upon  the  surface,  owing  to 
its  amalgamation  with  the  mercurial  vapour. 

The  vapour  of  mercury  is  poisonous,  giving  rise  to  salivation. 

Mercury  does  not  tarnish  on  exposure  to  the  air,  and  is  unacted 
upon  by  a  large  number  of  gases  ;  hence  this  liquid  is  invaluable 
to  the  chemist,  affording  a  means  of  collecting  and  measuring 
gases  which  are  soluble  in  water. 

When  submitted  to  prolonged  heating  in  the  air  it  is  slowly 
converted  into  the  red  oxide,  which  at  a  higher  temperature  is 
again  decomposed  into  its  elements. 

Mercury  is  obtained  in  the  form  of  a  dull-grey  powder  when  it 
is  shaken  up  with  oil  or  triturated  with  sugar,  chalk,  or  lard.  This 
operation  is  known  as  deadening^  and  is  made  use  of  in  the  pre- 
paration of  mercurial  ointment.  The  grey  powder  consists  simply 
of  ver>'  finely  divided  mercury  in  the  form  of  minute  globules. 

Mercury  is  not  attacked  by  hydrochloric  acid.  Strong  sulphuric 
acid  is  without  action  upon  it  in  the  cold,  but  when  heated  the 
metal  dissolves,  with  evolution  of  sulphur  dioxide.  Strong  nitric 
acid  rapidly  attacks  it,  with  formation  of  mercuric  nitrate  and 
oxides  of  nitrogen.  Cold  dilute  nitric  acid  slowly  dissolves  it,- 
forming  mercurous  nitrate. 

Alloys  of  Mercury. — When  mercury  is  one  of  the  constituents 
of  an  alloy  the  mixture  is  called  an  amalgam.     Most  metals  will 
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form  an  amalgam  with  mercury.  In  some  cases,  as  with  the 
alkali  metals,  the  union  is  attended  with  great  rise  of  temperature. 
In  other  cases,  as  with  tin,  an  absorption  of  heat  takes  place. 

Sodium  and  potassium  amalgams  are  obtained  by  dissolving 
various  amounts  of  the  metals  in  mercury.  In  contact  with  water 
they  are  decomposed,  hydrogen  being  evolved  and  the  alkaline 
hydroxide  formed.  On  this  account  sodium  amalgam  is  frequently 
used  in  the  laboratory  as  a  reducing  agent.  When  heated  to 
440"*  these  amalgams  leave  behind  crystalline  compounds,  KjHg 
and  NajHg,  which  spontaneously  inflame  in  contact  with  the  air. 

Zinc  amalgams  are  only  very  slowly  acted  upon  by  dilute  sul- 
phuric acid ;  therefore,  by  the  superficial  amalgamation  of  the 
zinc  plates  used  for  galvanic  batteries,  the  same  result  is  ob- 
tained as  though  the  zinc  were  perfectly  pure  (see  page  592),  and 
no  solution  of  zinc  takes  place  until  the  electric  circuit  is  closed. 

Tin  amalgams  are  employed  for  the  construction  of  ordinary 
mirrors. 

Amalgams  of  gold,  and  also  copper  and  zinc,  are  used  in 
dentistry  as  a  filling  or  stopping  for  teeth. 

Oxides  of  Mercury. — Two  oxides  are  known,  namely,  mercu- 
rous  oxide,  HgjO,  and  mercuric  oxide,  HgO. 

Mercurous  Oxide,  HgjO,  is  obtained  as  an  unstable  dark-brown 
or  black  powder  when  sodium  hydroxide  is  added  to  mercurous 
chloride.  When  exposed  to  the  light,  or  when  gently  heated,  it  is 
converted  into  mercuric  oxide  and  mercury. 

Mercuric  Oxide,  HgO,  is  produced  in  small  quantity  by  the  pro- 
longed heating  of  mercury  in  contact  with  air,  or  by  igniting  the 
nitrate.  It  is  prepared  on  a  large  scale  by  heating  an  intimate 
mixture  of  mercuric  nitrate  and  mercury.  Obtained  by  these 
methods,  it  is  a  brick-red  crystalline  powder ;  but  when  sodium 
hydroxide  is  added  to  a  solution  of  a  mercuric  salt,  the  oxide  is  pre- 
cipitated as  an  orange-yellow  amorphous  powder.  When  heated, 
mercuric  oxide  first  darkens  in  colour,  and  gradually  becomes 
almost  black,  but  returns  to  its  original  bright  red  colour  on  cool- 
ing.   At  a  red  heat  it  is  completely  decomposed  into  its  elements. 

Salts  of  Mercury. — Two  series  of  salts,  corresponding  to  the 
two  oxides,  are  known — (a)  mercurous  saltSy  in  which  two  atoms  of 
the  Indrogen  of  the  acids  are  replaced  by  the  divalent  radical 
or  double  atom  (Hgj) ;  and  (/3)  mercuric  salts,  in  which  the  same 
amount  of  hydrogen  is  replaced  by  the  single  divalent  atom  (Hg). 
All  the  mercury  salts  are  poisonous. 
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(a)  MESCUS0U8  SALTS. 

Mercurous  Chloride,  HggCl^  {calomel)^  is  met  with  in  small 
quantities  as  the  mineral  horn  mercury.  It  may  be  obtained  by 
the  addition  of  sodium  chloride  or  hydrochloric  acid  to  a  solution 
of  mercurous  nitrate.  On  a  large  scale  it  is  usually  prepared  by 
heating  a  mixture  of  mercuric  chloride  and  mercury,  when  the 
mercurous  chloride  sublimes  as  a  white  or  translucent  fibrous 
cake. 

When  a  mixture  of  mercuric  sulphate,  common  salt,  and  mercury 
is  heated,  mercurous  chloride  is  also  obtained,  thus — 

HgS04+2NaCl  +  Hg  =  NajS04+Hg2Clj. 

Calomel  is  perfectly  tasteless,  and  is  insoluble  in  water.  When 
heated  it  vaporises  without  fusing.  The  density  of  the  vapour 
that  is  formed  by  heating  mercurous  chloride  is  117.87,  which  is 
half  that  demanded  by  the  formula  HgjClj.  It  has  been  shown, 
however,  that  the  compound  dissociates  when  vaporised  into 
mercuric  chloride  and  mercury.*  Boiling  hydrochloric  acid  de- 
composes mercurous  chloride  into  mercury,  which  separates  out, 
and  mercuric  chloride,  which  dissolves. 

Mercurous  Nitrate,  Hg2(N03)2,  is  deposited  in  the  form  of 
colourless  monosymmetric  crystals  containing  SHjO,  from  a  solu- 
tion of  mercury  in  cold  dilute  nitric  acid.  The  salt  is  soluble  in 
water  acidulated  with  nitric  acid,  but  an  excess  of  water  causes 
the  precipitation  of  a  basic  nitrate  having  the  composition — 

Hg,(N03)^Hg,0,H,0  (or  2Hg,(N03)(HO)), 

which,  on  boiling,  is  converted  into  mercuric  nitrate  and  mercury. 
If  cither  this  or  the  normal  salt  be  boiled  in  the  presence  of  an 
excess  of  mercur)',  a  basic  nitrate  of  the  composition — 

3Hg,(N03),,2Hg.,0,2H,0  (or  Hg,(N03).^4Hg2(N03XHO)), 

is  obtained. 

Mercurous  Sulphate,  Hg2S04,  is  obtained  as  a  white  crystalline 
precipitate  when  dilute  sulphuric  acid  is  added  to  a  solution  of 
mercurous  nitrate.     It  is  very  slightly  soluble  in  water. 

•  Harris  and  Moyer,  lierichte,  June  1894. 
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atmosphere  of  hydrogen,  it  forms  crystals  belonging  lo  the 
pkgular  sybtcin. 

Cattmluin  Oxldfl,  CdO,  is  formed  ns  a  brown  ftinie  or  smoko 
when  cadmium  bums  in  the  air.  It  muy  be  obtained  by  henting 
the  carbonate  or  nitrate.  That  obtained  by  ihc  ignition  of  the 
latter  salt  is  in  the  form  of  minute  crystals,  having  a  bluish<blatk 
appearance.  Cadmium  oxide  \s  insoluble  in  water,  but  dissolves 
in  acids  yielding  cadmium  salts.  It  Is  infusible  in  the  onyhydrogen 
flame,  but  is  rrjidily  reduced  when  heated  on  charcoal  before  the 
blowpipe  ;  and  ilic  reduced  metal,  as  it  volalilisesand  bums,  forms 
a  characteristic  brown  incrustation  of  oxide  upon  the  charcoal. 

Cadmium  Chloride,  CdCi,  is  obtained  by  the  action  of  hydro- 
chloric acid  upon  the  metal  or  the  oxide.  The  salt  is  deposited 
the  solution  in  white  silky  crystals,  having  the  composition 

.ClsSH,0.  On  exposure  to  the  air  the  crystals  effloresce,  and 
heated  become  anhydrous, 

Cadmium  Sulphide,  CdS,  is  obtained  as  a  bright  yellow  preci- 
pitate when  sulphurclled  hydrogen  is  passed  through  a  solution  of 
a  cadmium  salt.  The  precipitate  is  soluble  in  concentrated  hydro- 
chloric and  nitric  acids,  and  in  warm  dilute  sulphuric  acid.  Cad- 
mium sulphide  is  insoluble  in  ammonium  sulphide  ;  this  property 
readily  distinguishes  it  from  arscnious  sulphide,  which  m  colour 
it  closely  resembles. 

Cadmium  sulphide  is  used  as  a  pigment,  both  in  oil  and  watcr- 


MEBCUET. 

Synilxit,  llg.     Aloniic  weiphl  =  son, 3. 

OGCuirence.— In  the  uncombincd  state  mercury  is  met  with  in 
small  globules,  diMcminalcd  through  its  ores,  especially  ihe  sul- 
phide. It  is  also  occasionally  found  as  an  amalgam  with  silver 
and  gold.  The  principal  ore  is  cinnabar,  HgS,  and  the  chief 
mines  of  this  ore  are  those  of  Ahnadcn  (Spain),  Idria  (Camiola), 
California,  and  the  Bavarian  Palatinate. 

Hodes  of  Formation.-  Mercury  may  bo  obtained  fiwm  ihe 
natural  sulphides  by  ciiher  roasting  the  ore,  whereby  tlie  sulphur 
is  oxidised  to  sulphur  dioxide  nnd  the  metal  liberated,  or  by  dis- 
tillation in  cloied  retorts  with  lime,  when  calcium  sulphide  and 
sulphate  are  formed,  and  the  mercury  set  free.  The  first  method 
ia  almost  e^cluatvcly  eiiiployedi 
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At  Idria  the  rnide  ore,  consisting  of  cinnabar  mixed  with  shale 
and  earthy  matlers,  is  roasted  in  a  furnace,  upon  perforated  arches, 
».'«';/.  A.  Fig.  145.  The  action  of  the  fire  and  heated  air  is  lo 
oxidise  the  sulphur  and  volatilise  the  mercury,  and  the  gases  and 
vapours  lo^ielher  pass  through  a  series  of  flues  or  chambeis,  C,  C. 
where  the  mercury  condenses. 

Ly  the  use  of  a  reverberaiory  furnace  (the  Alberti  furnace),  the 
process  can  be  made  continuous     TTie  ore  is  fed  into  the  furnace 


i. 


ihrouKh  a  hopper,  and  the  calcined  residue  is  raked  out  through 
an  opiening  at  the  opposite  end  of  the  hearth.  The  gases  arc 
passed  first  through  iron  pipes  kept  cool  by  water,  and  then 
through  a  series  of  chambers  where  the  remaining  nieta!  is 
condensed. 

.1  Almaden  is  essentially  the  same  as  the 
Idrian  process,  except  that  the 
condensatiun  lakes  place  in  a 
es  of  pear-shaped  earthen- 
ware ^-essels,  called  aludels,  which 
are  connected  together  as  shown 
(  rows  of  forty-seven   such    aludcls   arc 


The  method  adopted  a 


(  openings  in  a  chamber  immediately  above  the 


in   Fig.  146.     Usually  s 

connected  » 

furnace. 

The  impure  mercury  is  freed  from  mechanically  mixed  impurities 

by  straining  or  filtering  through  chamois  leather,  but  from  metals 

I  solution,  such   as  zinc,  tin,  lead,   and  others,  it  is  purified  by 

lion.     For  laboratory  purposes,  pure  mercury  is  best  0I1- 

ioed  by  disiillaiion  in  vacuo,  by  means  of  the  apparatus  shown  in 


Mercury 
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ig>  147  (Clarke).  In  this  arrangement  the  mercury  is  distil 
in  a  Sfirengtl  vaciiuin.  The  mercury  (previously  cleaned  hy  being 
thoroughly  agitated  with  mercuric  nitrate)  is  placed  in  (he  reser- 
voir R,  which  is  then  placed  upon  the  upper  shelf  S,  and  by  means 
of  the  clamp,  mercury  is  rillowed  to  pass  into  the  lung  wide  tube  T, 
and  up  Into  the  bulb.  The  air  in  the  tube  and  hulh  escapes  down 
the  narrow  inner  lube,  which  reaches  nearly  10  ilie  top  of  the  bulbt 


"W^^^^^^ 


'   as  sei>n  in  ilie  enlarged  detail,  /.    The  mercury  is  allowed  10  r' 

n  the  bulb  and  (all  dnwn  the  long  inner  tube,  after  the  manner 
the  Sprcngel  pump.     The  reservoir  is  then  placed  upon  the  lower    1 
adjustable  stand,  and  its  height  so  arranged  that  the  mercury  in 
the  bulb  falls  to  the  position  shown  in  the  figure.     This  space  is  a 
Torricellian  vacuum.     The  mercury  is  then  healed  by  a  ting- 
burner  B,  and  the  whole  is  protected  from  drauf-ht  by  the  hood  A. 
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(a)  MEBCUBOUB  SALTS. 

Mercurous  Chloride,  Hg^Cl^  {calofnel),  is  met  with  in  small 
quantities  as  the  mineral  horn  mercury.  It  may  be  obtained  by 
the  addition  of  sodium  chloride  or  hydrochloric  acid  to  a  solution 
of  mercurous  nitrate.  On  a  large  scale  it  is  usually  prepared  by 
heating  a  mixture  of  mercuric  chloride  and  mercury,  when  the 
mercurous  chloride  sublimes  as  a  white  or  translucent  fibrous 
cake. 

When  a  mixture  of  mercuric  sulphate,  common  salt,  and  mercury 
is  heated,  mercurous  chloride  is  also  obtained,  thus — 

HgS04 + 2NaCl + Hg = NajS04 + HggClj. 

Calomel  is  perfectly  tasteless,  and  is  insoluble  in  water.  When 
heated  it  vaporises  without  fusing.  The  density  of  the  vapour 
thiit  is  formed  by  heating  mercurous  chloride  is  117.87,  which  is 
half  that  demanded  by  the  formula  HggClj.  It  has  been  shown, 
however,  that  the  compound  dissociates  when  vaporised  into 
mercuric  chloride  and  mercury.*  Boiling  hydrochloric  acid  de- 
composes mercurous  chloride  into  mercury,  which  separates  out, 
and  mercuric  chloride,  which  dissolves. 

Mercurous  Nitrate,  HgaCNOg)^,  is  deposited  in  the  form  of 
colourless  monosymmetric  crystals  containing  2H2O,  from  a  solu- 
tion of  mercury  in  cold  dilute  nitric  acid.  The  salt  is  soluble  in 
water  acidulated  with  nitric  acid,  but  an  excess  of  water  causes 
the  precipitation  of  a  basic  nitrate  having  the  composition — 

Hg2(N03)2,Hg.,0,H.p  (or  aHg^CNOjXHO)), 

which,  on  boiling,  is  converted  into  mercuric  nitrate  and  mercury. 
If  either  this  or  the  normal  salt  be  boiled  in  the  presence  of  an 
excess  of  mercury,  a  basic  nitrate  of  the  composition — 

3Hg,(NO,)o,2Hg,0,2H,0  (or  Hg,(N03).^4Hg2(N03)(HO)), 

is  obtained. 

Mercurous  Sulphate,  Hg2S04,  is  obtained  as  a  white  crystalline 
precipitate  when  dilute  sulphuric  acid  is  added  to  a  solution  of 
mercurous  nitrate.     It  is  very  slightly  soluble  in  water. 

*  Harris  and  Meyer,  lierichte,  June  1894. 
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(/3)  MERCURIC  SALTS. 

Mercuric  Chloride,  W%C\{corrosive sudlimate)^  is  formed  when 
chlorine  is  passed  over  heated  mercury.  It  is  prepared  on  a  large 
scale  ])y  heating  a  mixture  of  mercuric  sulphate  and  common  salt, 
a  small  quantity  of  manganese  dioxide  being 'added  to  prevent, 
as  far  as  possible,  the  formation  of  mercurous  chloride.  The 
mercuric  chloride  sublimes  as  a  white  translucent  mass.  It  dis- 
solves in  water  to  the  extent  of.  6.57  parts  in  100  parts  of  water  at 
\6\  and  54  parts  in  the  same  volume  of  water  at  100*,  forming  an 
acid  solution  from  which  the  salt  is  deposited  in  loAg  white  silky 
needles.  It  readily  melts,  and  volatilises  unchanged.  It  dissolves 
without  decomposition  in  nitric  acid  and  in  sulphuric  acid,  and 
volatilises  unchanged  from  its  solution  in  the  latter  acid  on 
boiling. 

Mercuric  chloride  is  a  violent  poison  :  the  best  antidote  is  albu- 
men, with  which  it  forms  an  insoluble  compound.  It  has  also 
strong  antiseptic  properties,  and  on  this  account  is  largely  used  by 
taxidermists. 

With  hydrochloric  acid,  mercuric  chloride  forms  two  crystalline 
double  chlorides,  HgCl2,HCl  and  2HgCl2,HCl;  and  with  the 
alkaline  chlorides  it  forms  a  number  of  similar  double  salts,  of 
which  the  ammonium  compound,  HgCl2,2NH4Cl,H20,  was  known 
to  the  early  chemists  under  the  name  sal  alembroth. 

Mercuric  Iodide,  Hglj. — When  mercury  and  iodine  are  nibbed 
together  in  a  mortar,  and  moistened  with  a  small  quantity  of 
alcohol,  the  red  mercuric  iodide  is  formed.  It  is  also  obtained  by 
precipitation  from  a  solution  of  mercuric  chloride,  upon  the  addition 
of  potassium  iodide.  The  precipitate  first  appears  yellow,  but  in  a 
few  seconds  becomes  scarlet 

Mercuric  iodide  is  insoluble  in  water,  but  readily  dissolves  in 
either  mercuric  chloride  or  potassium  iodide,  and  also  in  alcohol 
and  in  nitric  acid.  From  its  solutions  it  is  deposited  in  scarlet 
(juadratic  octahedra. 

Mercuric  iodide  is  dimorphous  ;  when  heated  to  about  150**  the 
scarlet  quadratic  crystals  are  changed  into  bright  yellow  rhombic 
prisms.  At  ordinary  temperatures  this  yellow  rhombic  form  is 
unstable,  and  on  being  lightly  touched  it  is  at  once  retransformed 
into  the  red  quadratic  form.  At  very  low  temperatures,  however, 
the  yellow  variety  is  the  more  stable  :  thus,  when  the  red  crystals 
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are  exposed  to  the  temperature  of  evaporating  liquid  oxygen,  they 
pass  into  the  yellow  variety. 

Mercuric  Nitrate,  Hg(N03)2,  is  prepared  by  boiling  nitric  acid 
with  mercury,  until  sodium  chloride  produces  no  precipitate  with  a 
sample  of  the  liquid.  If  this  solution  be  evaporated  over  sulphuric 
acid,  deliquescent  ciystals  are  obtained  of  2Hg(N03)s,HgO,  whik 
the  mother-liquor  flas  the  composition  Hg(N 03)2,21120. 

Mercuric  nitrate  exhibits  a  great  tendency  to  form  basic  salts : 
thus,  when  this  mother-liquor  is  boiled,  the  compound  Hg(N03)2, 
HgOjaHjO  is  precipitated.  When  this  compound,  or  the  normal 
nitrate,  is  treated  with  an  excess  of  cold  water,  there  is  formed  the 
still  more  basic  salt  Hg(N03)2,2HgO,H20. 

Mercuric  Sulphide,  HgS  («>i«rt^ar).— When  mercury  and 
sulphur  are  triturated  together  in  a  mortar,  or  when  excess  of 
sulphuretted  hydrogen  is  passed  into  a  solution  of  a  mercuric  salt, 
mercuric  sulphide  is  obtained  as  a  black  amorphous  powder.  If 
this  be  sublimed,  it  is  obtained  as  a  red  crystalline  substance. 

Mercuric  sulphide  in  the  red  condition  is  also  obtained  by 
digesting  the  black  amorphous  product  for  some  hours  in  alkaline 
sulphides.  A  soluble  double  sulphide  is  first  formed,  which  when 
heated  is  decomposed,  with  the  deposition  of  red  mercuric  sulphide. 
This  compound  is  manufactured  on  a  large  scale  for  use  as  the 
pigment  venftiiion. 

Mercuric  sulphide  is  insoluble  in  either  nitric,  hydrochloric,  or 
sulphuric  acid.  In  the  presence  of  an  alkali  it  is  soluble  in  sodium 
or  potassium  sulphide,  and  deposits  crystals  from  these  solutions 
having  the  composition  HgS,Na2S,8H20,  and  HgS,K2S,5H20 
respectively. 

Ammoniacal  Mercury  Compounds.— These  may  be  regarded 

as  ammonium  salts,  in  which  two  atoms  of  hydrogen  in  ammonium 
(NH4)  have  been  replaced  by  either  (Hgj)  in  the  mercurous,  or  by 
Or{\()  in  the  mercuric  compounds  ;  the  two  atoms  so  replaced  being 
either  drawn  from  one  and  the  same  ammonium  group,  or  from  two. 


(a)  MEBCUROUS  COMPOUNDS. 

Mereurous  Ammonium  Chloride,  (NH._,Hgo)Cl,  is  the  black 

powder  pioduced  by  the  action  of  aqueous  ammonia  upon  calomel, 
thus — 

Hg-^'lj  +  iiN  Haaq  =  (N  H,Hg.^)Cl  +  N  H^Claq. 
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Mercurous  Ammonium  Nitrate,  (NH,Hgj)N03,  is  formed,  to- 
gether with  other  compounds,  when  aqueous  ammonia  is  added  to 
mercurous  nitrate. 

Mercurous  Diammonium  Chloride,  ^j[|  q  |  Hg,  or  (NHj), 

HgaCIs,  is  obtained  when  calomel  absorbs  dry  gaseous  ammonia. 
On  exposure  to  the  air  it  gives  up  its  ammonia,  and  is  reconvened 
into  mercurous  chloride. 

{fi)  MESGUBIC  COMPOUNDS. 

Mercuric  Ammonium  Chloride,  (NH2Hg)CI  {infusible  white 

precipitate),  is  formed  when  ammonia  is  added  to  a  solution  of 
mercuric  chloride — 

HgClj  +  2NH3=(NHjHg)Cl  +  NH4Cl. 

Dlmercuric  Ammonium  Chloride,  (NHg2)Cl,  is  obtained  by 

the  action  of  water  on  the  preceding  compound. 

Mercuric  Diammonium  Chloride,  JJ^^q}  }  Hg,or(NH3),HgCl2 

{fusible  white  precipitate),  is  obtained  hy  adding  mercuric  chloride 
to  a  boiling  aqueous  solution  of  ammonium  chloride  and  ammonia, 
until  the  precipitate  which  first  forms  no  longer  dissolves.  On 
cooling,  the  solution  deposits  small  crystals  belonging  to  the 
regular  system. 

Oxy-dimereuric  Ammonium  Iodide,  (NH2Hg)l,HgO,  is  pro- 
duced by  the  action  of  aqueous  ammonia  upon  mercuric  iodide, 

thus — 

4NH3  +  2HgIa+HjO  =  (NHjHg)I,HgO  +  3NH4l. 

It  is  readily  produced  as  a  brown  precipitate  by  adding  ammonia 
to  a  solution  of  mercuric  iodide  in  potassium  iodide  containing  an 
excess  of  potassium  hydroxide. 

The  alkaline  solution  of  potassium  mercuric  iodide  is  known  as 
Nessler^s  solution,  and  constitutes  a  delicate  reagent  for  detecting 
the  presence  of  ammonia.  Minute  traces  of  free  ammonia  in  solu- 
tion produce  a  yellow  or  brown  coloration  with  this  test. 
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With  the  exception  of  boron,  aluminium,  and  thallium,  the  mem 
bers  of  this  group  are  amongst  the  rarest  of  the  elements.*  Somi 
of  these  occur  only  in  minute  traces  in  certain  ores  of  other  metals 
such  is  the  case  with  the  elements  gallium  and  indium,  which  an 
mci  with  in  certain  specimens  of  zinc-blende,  the  ore  being  con 
sidered  rick  in  gallium  if  Jt  contains  as  much  as  o-ooz  per  cent,  o 
this  element.  Both  gallium  and  indium  were  discovered  by  mean: 
of  the  spectroscope  ;  the  latter  by  Reich  and  Richter  (1863),  ant 
named  indium  on  account  of  iwo  characteristic  lines  in  the  indigo 
blue  part  of  the  spectrum  ;  gallium  by  Lecocq  de  Boisbaudrai 
(1875),  and  named  after  his  own  country.  The  spectrum  of  thi; 
metal  is  characterised  by  two  violet  lines.  One  of  Ihe  mos 
remarkable  properties  of  gallium  is  ils  extremely  low  fusing-point 
the  metal  melting  at  30.15°.  (For  a  comparison  of  the  propertie: 
of  gallium  with  MendelejefTs  eka-aluminium.,  see  page  123.) 

Others  of  these  elements  are  met  with  in  certain  rare  minerals 
thus,  lanthanum  occurs  in  the  mineral  orlhile  (from  Greenland) 
and  both  yttrium  and  lanthanum  (associated  also  with  the  ran 
elements  cerium  and  erbium)  are  found  Xtt  giuiolmite  or  ytterhil, 
(from  Ytterby). 

Boron  (the  typical  element  of  the  group)  is  the  only  non-metal 
.ill  the  others  exhibit  well-marked  metallic  properties.  They  2I 
yield  sesquioxides  of  the  type  RjOa  ;  in  the  ca^e  of  boron  thi: 
oxide,  B.jOj,  is  acidic. 
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Thallium  in  many  respects  is  peculiar.  It  forms  two  series  of 
compounds ;  in  one  class  it  functions  as  a  monovalent,  and  in  the 
other  as  a  trivalent  element.  In  some  of  its  properties  it  exhibits  a 
close  analogy  to  the  alkali  metals  ;  thus,  it  forms  a  soluble  strongly 
alkaline  hydroxide,  TIHO,  corresponding  to  KHO.  And  many  of 
its  salts,  such  as  the  sulphate,  TI3SO4 ;  perchlorate,  TICIO4,  and 
the  phosphates,  are  isomorphous  with  the  corresponding  potassium 
compounds. 

Thallium  also  shows  many  properties  in  common  with  lead, 
which 'in  the  periodic  system  is  the  next  element  in  the  series 
(the  fourth  long  series).  Thus,  the  chloride,  like  lead  chloride, 
is  thrown  down  as  a  white  curdy  precipitate  on  the  addition  of 
hydrochloric  acid  to  a  soluble  salt  of  the  metal,  and  like  lead 
chloride,  thallous  chloride  is  soluble  in  hot  water.  Thallous 
iodide  also  closely  resembles  lead  iodide,  being  formed  as  a  yellow 
crystalline  precipitate  when  potassium  iodide  is  added  to  a  soluble 
thallous  salt. 

Metallic  thallium  also  bears  the  closest  resemblance  to  metallic 
lead. 

In  the  Ma///r  compounds  this  element  is  more  closely  related  to 
the  other  members  of  this  family :  thus,  thallic  oxide,  TljOj  ;  thallic 
chloride,  TICI3  ;  and  thallic  sulphide,  TljSj,  are  analogous  to  the 
corresponding  boron  compounds,  BjOg,  BCI3,  B^Sj. 


BOBON. 

Sjrmbol,  B.    Atomic  weight =ii. 

Occurrence. — The  element  boron  has  never  been  found  in  the 
free  state.  In  combination  it  occurs  principally  as  boric  acid  in 
volcanic  steam,  and  as  metallic  borates,  of  which  the  commonest 
are  iincal^  a  crude  sodium  borate,  or  borax,  Na2B|P7 ;  baracite 
and  colemaniie^  or  borate  spar^  CajBjOn  ;  and  boroneUrocalcite^  or 
ulexite,  Ca.^BaOii,Na3B407,16HaO. 

Modes  of  Formation. — (i.)  Boron  may  be  prepared  by  heating 
boron  trioxide  with  either  sodium  or  potassium  in  a  covered 
crucible — 

2B2O3 + 6Na  =  SNa^Oj  +  4B. 
The  fused  mass  is  boiled  with  dilute  hydrochloric  acid,  and  the 
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boron,  which  is  in  the  form  of  a  dark-brown  powder,  is  separated 
by  filtration. 

(2.)  The  element  may  also  be  obtained  by  heating  potassium 
borofluoride  with  potassium — 

BF3,KF+3K=4KF  +  B. 

(3.)  Boron  is  also  formed  when  potassium  is  heated  in  the 
vapour  of  boron  trichloride — 

BCls+3K=3KCl  +  B. 

Properties. — Boron,  as  obtained  by  these  methods,  is  a  dark 
greenish-brown  powder.  When  strongly  heated  in  air  it  bums, 
uniting  both  with  oxygen  and  nitrogen,  forming  a  mixture  of  boron 
trioxide,  BjOg,  and  boron  nitride,  BN.  It  is  unacted  upon  by  air 
at  ordinary  temperatures. 

Boron  has  no  action  upon  boiling  water,  but  cold  nitric  acid 
converts  it  into  boric  acid — 

B4-3HN03=H3B03  +  3N02. 

When  heated  with  sulphuric  acid  it  is  similarly  oxidised — 

2B  +  3H2S04  =  B203  +  3S02+3H20. 

When  fused  with  alkaline  carbonates,  nitrates,  sulphates,  and 
hydroxides  it  forms  borates  of  the  alkali  metals,  thus — 

2B  +  3Na3C03  =  2Na3B03  +  3C0. 
2B  +  f5KHO      =2K3B03   +3H2. 

Boron  dissolves  in  molten  aluminium,  which  on  cooling  deposits 
crystals  of  a  compound  of  aluminium  and  boron.* 

Boron  Trioxide,  B2O3,  is  formed  when  boron  bums  irt  the  air  or 
in  oxygen.  The  readiest  method  for  its  preparation  consists  in 
heating  boric  acid  to  redness,  when  it  fuses  and  gives  up  water — 

'iH(HO)3  =  3H.,0  +  B,,03. 

Properties. — The  fused  mass  solidifies  to  a  transparent,  colour- 

*  This  compound  was  at  one  time  mistaken  for  an  allotropic  modification  of 
boron. 
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less,  vitreous  solid,  which  gradually  absorbs  atmospheric  moisture 
and  becomes  opaque.  It  is  not  volatile  below  a  white  heat,  and 
on  this  account,  although  only  a  feeble  acid,  it  is  capable  at  high 
temperatures  of  displacing  strong  acids  which  are  volatile  from 
their  combinations  ;  thus,  when  boron  trioxide  is  fused  with  potas- 
sium sulphate,  potassium  borate  is  formed  and  sulphur  trioxide 
expelled — 

BjjOa  +  3K2SO4 = 2B(KO)3  4-  3SO3. 

Boron  trioxide  at  a  high  temperature  is  capable  of  dissolving 
many  metallic  oxides,  some  of  which  impart  to  the  fused  mass  a 
characteristic  colour. 

lioron  forms  three  oxyacids,  namely — 

Orthoboric  acid,  B(HO)3,  or  H3BO3. 

M  eta  boric  acid,  B.202(HO)2,  or  HjBjjOj,  or  B203,H20. 

l^yroboric  acid,  B405(HO)[j,  or  H^b/O-,  or  tlVfi^^Vifi. 

Orthoboric  Acid,  or  Boric  Acid,  B(HO)3,  occurs  naturally, 
both  in  the  waters  and  in  the  jets  of  steam  which  issue  from  the 
ground  in  many  volcanic  districts,  notably  in  Tuscany. 

The  actual  amount  of  boric  acid  in  these  natural  jets  of  steam 
or  soffioni  is  ver>'  small ;  but  as  the  steam  becomes  condensed  in 
the  pools  of  water  or  lagoons  which  often  surround  the  jets,  the 
amount  of  boric  acid  with  which  the  water  becomes  charged  is  suffi- 
cient to  constitute  this  a  profitable  source  of  supply.  To  obtain  the 
acid,  large  brick-work  basins  are  built  round  the  steam  j6ts  in  such 
a  manner  that  the  liquid  can  be  caused  to  flow  from  one  to  another. 
W.'itcr  is  placed  in  the  highest  basin,  and  after  the  steam  from  the 
fumaroles  beneath  it  has  blown  through  for  twenty-four  hours  the 
liquid  is  p.issed  on  to  the  second  basin,  and  a  fresh  supply  of  water 
is  run  into  the  first.  In  this  way  the  water  passes  on  through  a 
series  of  four  or  five  such  basins,  receiving  the  steam  of  the  soffioni 
for  twenty-four  hours  in  each.  The  muddy  liquor,  after  passing 
through  a  settling  reservoir,  is  concentrated  by  evaporation,  the 
heat  from  the  natural  steam  being  utilised.  The  concentrated 
liquor,  having  a  specific  gravity  about  1.07,  is  allowed  to  cool 
in  lead  lined  tanks  ;  and  the  crystals,  after  being  drained,  are 
dried  upon  the  floor  of  a  chamber,  also  heated  by  the  natural 
steam.  The  crude  boric  acid  thus  obtained  is  purified  by  recrys- 
tallisation. 

3Q 
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Boric  acid  may  be  prepared  by  the  action  of  sulphuric  acid  or 
hydrochloric  acid  upon  a  strong  solution  of  borax — 

NaiB407+5HaO+2HCl=2NaCl+4H3BO,. 

Ppoperties. — Boric  acid  crystallises  in  lustrous  white  laminae, 
which  are  soft  and  soapy  to  the  touch.  loo  parts  of  water  at  i8* 
dissolve  3.9  parts  of  the  acid.  The  aqueous  solution  turns  blue 
litmus  to  a  port  wine  red,  similar  to  the  colour  produced  by  car- 
bonic acid.  In  contact  with  turmeric  paper  it  gives  a  brown 
stain  resembling  that  caused  by  alkalies,  but  readily  distinguished 
by  not  being  destroyed  by  acids  and  by  being  turned  black  in 
contact  with  a  solution  of  sodium  hydroxide.  Boric  acid  is  more 
soluble  in  alcohol  than  in  water,  and  when  this  solution  is  boiled 
a  portion  of  the  boric  acid  volatilises  with  the  alcohol  and  imparts 
a  green  colour  to  the  flame  of  the  burning  vapour. 

The  orthoborates  are  mostly  unstable  salts. 

Metaboric  Acid,  ILB2O4,  is  obtained  when  boric  acid  is  heated 
to  100" — 

2H3B03=2H20  +  H2BP4. 

The  metaborates  are  more  stable  salts  than  the  orthoborates 
The  acid  is  dibasic,  and  forms  normal  and  acid  salts  as  well  as 
super-acid  salts,  thus — 

Normal  potassium  metaborate    .        .     K2B2O4. 
Acid  potassium  metaborate  .         .     HKB2O4. 

Super-acid  potassium  metaborate        .     HKB^04,HjB204. 

Pyroboric  Acid,  H2B4O7,  is  obtained  by  heating  either  meta- 
boric acid  or  orthoboric  acid  to  140**  for  some  time — 

2H2B.04  =  H204-H,B407. 
4H3Bb3  =  5H.04-H^B407. 

Borax. — The  most  important  salt  of  pyroboric  acid  is  the  sodium 
salt,  ordinary  borax,  Xa^,B407.  This  compound  occurs  natunilly 
as  the  minenil  tincal.  It  is  manufactured  from  boric  acid  by 
double  decomposition  with  sodium  carbonate — 

4H:,B0.,+  NaX0.  =  Na.B,0;  +  (;H.0  +  C0,,. 

Anhydrous  sodium  carbonate  is  added  to  a  boiling  solution  of 
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boric  arid,  and  the  liquid  is  then  allowed  to  crystallise,  when  it 
forms  large  transparent  prisms  belonging  to  the  mono-symmetric 
system  of  the  composition  Na^B^O-jlOH^O. 

Borax  is  also  obtained  from  the  natural  calcium  borate,  which 
has  the  composition  Qz..^fiY\,  The  powdered  mineral  is  boiled 
with  water,  and  soda  ash  is  added  to  the  mixture,  when  calcium 
carbonate  is  precipitated,  and  a  mixture  of  borax  and  sodium 
nictaborate  is  formed — 

Ca^BeOii  +  2Na^C03=2CaC03  4-  NaaB407  +  Na^BjO^. 

On  crystallisation  the  borax  deposits,  and  the  more  soluble 
metaborate  remains  in  the  mother -liquor.  On  concentrating 
these  mother- liquors  and  blowing  carbon  dioxide  through  the 
solution,  the  metaborate  is  converted  into  borax,  which  is  pre- 
cipitated as  a  fine  meal,  leaving  sodium  carbonate  in  solution — 

2Na2B204  +  C02=  Na-^COj  4-  Na2B407. 

When  heated,  borax  loses  its  water  of  crystallisation  and  swells 
up,  forming  a  white  porous  mass,  which  finally  melts  to  a  clear 
glass. 

I  GO  parts  of  water  at  lo**  dissolve  4.6  parts  of  crystallised 
borax,  and  at  100^,  201.4  parts;  the  solution  possesses  a  feeble 
alkaline  reaction. 

When  deposited  slowly  from  warm  solutions,  borax  crystallises 
in  octahedra  belonging  to  the  regular  system  and  having  the 
composition  Na.jB40-,r)HaO. 

Boron  Trifluoride,  BF3,  is  fonned  when  boron  is  brought  into 
fluorine  ;  the  boron  takes  fire  spontaneously  in  the  gas,  forming 
the  trifluoride. 

It  is  also  produced  when  a  mixture  of  dry  powdered  fluorspar 
and  boron  trioxide  is  heated  to  redness  in  an  iron  vessel,  calcium 
borate  l>eing  at  the  same  time  produced — 

2B2O3  ^3CaF2=Ca3BaOo-f2BFj. 

It  is  more  conveniently  prepared  by  heating  together  fluorspar, 
boron  trioxide,  and  sulphuric  acid.  •  The  reaction  may  be  regarded 
as  taking  place  in  two  stages,  thus — 

(I.)  CaF^-hH2S04=CaS04  +  2HF. 
(2.)  Bs03-f6HF  =  3Hp4-2BF3. 
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Properties. — Boron  trifluoride  is  a  colourless,  pungent-smelling 
gas,  which  fumes  strongly  in  moist  air  on  account  of  its  powerful 
affinity  for  water.  So  great  is  this  affinity,  that  a  strip  of  paper 
introduced  into  the  gas  is  charred,  by  the  abstraction  of  the 
elements  of  water. 

Boron  fluoride  neither  bums  nor  supports  the  combustion  of 
ordinary  combustibles.  When  potassium  is  heated  in  the  gas  it 
burns  brilliantly,  forming  the  borofluoride. 

At  o**  one  volume  of  water  dissolves  about  looo  volumes  of  the 
gas,  the  absorption  being  attended  with  rise  of  temperature. 

When  the  gas  is  passed  into  water  until  the  solution  is  distinctly  acid,  a 
mixture  of  mctaboric  acid  and  hydrofluolwric  acid  is  obtained;  the  forncier 
separates  out,  while  the  latter  remains  in  solution — 

8BF8+4H20  =  H.jB.p4+6HBF4. 

When  the  gas  is  passed  into  water  until  the  latter  is  saturated,  a  syrup>like 
liquid  is  obtained  whicli  chars  organic  matter  and  is  strongly  corrosive.  This 
liquid  is  sometimes  called  fluoboric  acid,  and  contains  boron  triHuoride  and 
water  in  the  proportions  represented  by  the  fornmla  2BF;i,4HaO  ;  or  it  may 
be  regarded  as  consisting  of  mctaboric  acid  and  hydrofluoric  acid,  as  ex- 
pressed by  the  formula  Il2B204,r»HK.*  In  presence  of  an  excess  of  water. 
this  substance  is  decomposed  into  mctaboric  acid  and  hydrofluolx)ric  acid. 

When  mixed  with  its  own  volume  of  dry  ammonia  gas,  boron  fluoride  forms  a 
white  crystalline  compound,  having  the  composition  represented  by  the  formula 
BF3,NH3.  This  substance  may  Ik;  sublimrd  without  change.  Two  other 
compounds  with  ammonia  are  known,  namely  1^F;,,2NH3,  and  BF5,3NH3. 
These  are  both  colourless  licjuids,  which  on  being  heated  give  off  ammonia, 
leaving  the  solid  BFg.NHa. 

The  salts  of  liydrofluoboric  acid,  HBF4,  are  known  as  borojiiwrides^  and  are 
formed  by  the  action  of  the  acid  upon  metallic  hydroxides — 

HBF4+  KHO=  H.p+  KBK4. 

In  many  instances  their  aqueous  solutions  redden  litmus ;  this  is  the  case 
with  ammonium  borofluoride,  NH4BF4,  and  calcium  borofluoride,  Ca(BF4Vj. 

Boron  Trichloride,  BCI3,  is  produced  when  boron  is  heated  in 
a  stream  of  dry  chlorine. 

It  is  most  readily  prepared  by  passing  dry  chlorine  over  an 
intimate  mixture  of  boron  trioxide  and  charcoal,  heated  to  redness 
in  a  porcelain  tube.  The  volatile  product  is  condensed  in  a  tube 
immersed  in  a  freezing- mixture — 

B..O,  +  'CI.,  +  3C  =  3CO  -f  2RC1,. 


•  It   is  considerr^l  very  doubtful  whether  this  substance  can  l>e  regarded 
:is  a  (letinite  com|X)und. 
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PropePtles. — Boron  trichloride  is  a  mobile,  colourless  liquid, 

boiling  at   18.23.      ^^  fumes  in  moist  air,  being  decomposed  in 

contact   with   water,   with   formation   of  boric  and   hydrochloric 

acids — 

BCl3  +  3H20  =  B(HO)3+3HCl. 

Boron  trichloride  unites  directly  with  dry  gaseous  ammonia, 
with  evolution  of  considerable  heat,  forming  a  white  crystalline 
compound,  having  the  composition  ZBCl^jSNHj. 

Boron  Hydride,  BHa.— This  compound  has  never  Ixjen  obtained  in  a  state 
of  [lurity.  When  magnesium  lx>ride  (an  impure  substance  obtained  by  fusing 
br)ron  irioxidc  and  magnesium  in  a  covered  crucible)  is  acted  upon  by 
hydrochloric  acid,  a  gas  is  evolved  which  has  a  characteristic  and  unpleasant 
smell,  and  which  produces  headache  ^d  sickness  when  inhaled.  The  gas 
is  largely  hydrogen,  containing,  however,  a  certain  quantity  of  boron  hydride, 
which  imparts  to  the  flame  a  green  colour,  and  produces  Ixjron  trioxide. 
When  passed  through  a  heated  tube,  boron  is  deposited  as  a  brown  film. 
When  burnt  with  a  limited  supply  of  air,  or  when  a  cold  porcelain  dish  is 
th'pressed  into  the  flame  of  the  burning  gas,  a  brown  stain  of  boron  is 
(lefK)sited. 

Boron  Nitride,  BN,  is  formed  when  boron  is  strongly  heated  in  nitrogen 
or  in  ammonia.  It  is  best  obtained  by  heating,  in  a  covered  platinum 
crucible,  a  mixture  of  one  part  of  dehydrated  borax,  and  two  parts  of 
aininonium  chloride — 

Na.^BP;  +  2NH4a=2BN  +  B.203+2NaCl  +  4H.p. 

Ik)ron  nitride  is  a  white  amorphous  powder.  It  is  insoluble  in  water,  but 
is  slowly  acted  upon  by  boiling  caustic  alkalies,  with  evolution  of  ammonia — 

BN  +  3KHO=K,B03+NH3. 

Heated  in  a  current  of  steam  it  forms  boron  trioxide  and  ammonia— 

2BN  +  3H.p=Rj034-2NH3. 

Boron  Sulphide,  BjSs,  is  prepared  by  heating  a  mixture  of  boron  trioxide 
and  carlK)n  (made  by  mixing  boron  trioxide  and  soot  with  oil,  and  heating 
the  pellets  out  of  contact  with  air)  to  bright  redness  in  a  stream  of  vapour 
of  carlxjn  disulphide — 

2RP3  +  3C  4-  3C&2=6CO  +  2R,S8. 

Horon  sulphide  is  a  yellowish  solid,  consisting  of  small  crystals.  It  has 
a  strong  unpleasant  smell,  and  its  vajxjur  attacks  the  eyes.  It  is  immediately 
(lecoinposed  by  water,  being  converted  into  boric  acid  and  sulphuretted 
hvdrogen 

R2Ss+6H20=2B(HO)8+3HaS. 
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ALTJMINinM. 

Symbol,  Al.     Atomic  weight =27.1. 

Occurrence. — Aluminium  is  one  of  the  most  abundant  of  all 
the  elements,  although  it  has  never  been  found  in  the  uncombined 
state.  In  combination  with  oxygen  as  Al^Oy,  it  constitutes  such 
minerals  as  corunduniy  ruby^  sapphire.  As  the  hydrated  oxide, 
ALOjjH^O,  it  occurs  associated  with  iron  oxide  in  the  mineral 
bauxite y  which  constitutes  the  chief  source  from  which  the  metal 
itself  is  obtained.  As  a  double  fluoride  of  aluminium  and  sodium, 
Al2Fy,6NaF,  it  occurs  in  the  mineral  cryolite,  and  as  a  hydrated 
phosphate  in  the  various  forms  of  turquoise.  Aluminium  is  met 
with  in  enormous  quantities  in  the  form  of  silicate,  constituting 
the  various  clays;  and  as  compound  silioitcs  in  the  felspars^  and 
other  common  minerals  constituting  a  large  proportion  of  the 
solid  crust  of  the  earth. 

Mode  of  Formation.— Prior  to  the  advent  of  the  electric 
furnace  as  a  manufacturing  agent,  aluminium  was  obtained  from 
the  mineral  bauxite  by  the  following  method  : — The  process  is 
conducted  in  four  stages — (i.)  and  (2.)  The  preparation  of  pure 
aluminium  oxide,  free  from  iron.  (3.)  The  preparation  of  a  double 
chloride  of  aluminium  and  sodium.  (4.)  The  reduction  of  the 
double  chloride  by  means  of  sodium. 

(i.)  The  powdered  bauxite  (usually  containing  about  50  per 
cent,  of  alumina)  is  mixed  with  sodium  carbonate  and  heated  for 
five  or  six  hours  in  a  reverberatory  furnace,  when  carbon  dioxide 
is  evolved  and  sodium  aluminate  is  formed — 

AiP:,  +  SNaXOg  =  Al,0;,,:ma,,0  4- 3CO.,. 

(2.)  The  sodium  aluminate  is  extracted  with  water,  leaving  the 
iron  in  the  form  of  insoluble  oxide.  Through  the  filtered  liquid  a 
stream  of  carbon  dioxide  is  then  passed,  which  decomposes  the 
sodium  aluminate,  regenerating  sodium  carbonate,  and  precipitat- 
ing hydrated  aluminium  oxide 

Al.,()..,3Xa..()  +  :m.,()  +  :K'().,  =  3Na.,("(>.  +  AI.,0.v^H.,0. 

(3.)  The  purified  alumina,  after  being  washed  and  dried,  is  mixed 
with  sodium  chloride  and  powdered  wood  charcoal,  and  sufficient 
water  aH'^—'  *     -'nable  the  mixture  to  be  worked  up  into  balls. 


These  are  dried  at   i| 
cylinder,  where  they  a 
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and  then  packed  inlo  a  vertical  fireclay 
strongly  healed  in  a  stream  of  chlorine— 


AI,Oj  +  3C+3Cl,  =  3CO  +  AI,CI^ 

The  aluminium  chloride  combines  with  the  sodium  chloride  present 
in  the  mixture,  rormin),'  the  double  chloride,  AljCI,,iiNaCI,  which 
volatilLses  from  the   retort,  and   is   condensed  in  an  eartheDware 


free  from  iron. 

(4,)  In  order 

consistintt  of  a  1 

cryolite  (as  a  Hl 


3.rly  white  crystalli 


almost  e 


o  reduce  the  double  chloride,  three  charges  [each 
ixture  of  25  kilos  of  the  sail,  11  kilos  of  powdered 
:),  and  12  kilos  of  metallic  sodium  in  small  pieces) 
are  thrown  inlo  a  strongly  heated  rcverberalory  furnace,  and  are 
immediately  followed  by  a  fourth  charge,  containing  the  same 
quanlily  of  the  double  chloride  and  of  cr>olitc,  but  without  sodium. 
A  vioteni  reaction  at  first  takes  place,  and  after  a  short  time  the 
cnlirc  mass  is  in  a  state  of  fusion,  the  metal  separating  out  beneath 
the  slag— 

Al,CI«,2NaCl-|-6Na-SAl+8NaCl. 
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Electrolytic  Method, — At  the  present  time  aluminium  b  a- 
clusively  obtained  by  means  of  the  electric  furnace.  The  pnxxs 
is  an  electrolytic  one,  the  electrolyte  being  a  solution  of  alumina  ■ 
a  bath  of  molten  cryolite.  One  of  the  most  modern  forms  of 
apparatus  for  the  purpose  (Borcher's)  is  shown  in  section  ii 
Fig.  148. 

It  consists  of  an  iron  cylinder  or  crucible  C,  with  a  firedajr 
bottom  F,  and  thickly  lined  throughout  with  alumina,  L.  The 
cathode  consists  of  a  steel  plate  S,  let  into  the  bottom  of  the 
crucible,  into  which  is  screwed  the  copper  tube  T.  To  prevent 
the  steel  plate  from  becoming  too  much  heated,  and  in  consequence 
combining  with  the  aluminium,  an  arrangement  is  made  to  cir- 
culate water  through  the  pipe  T. 

The  anode  consists  of  a  thick  carbon  rod,  or  bundle  of  rods, 
which  can  be  raised  or  lowered  at  will.  A  few  frag^ments  of 
aluminium,  together  with  a  small  quantity  of  cryolite,  is  first  placed 
in  the  crucible,  and  melted  by  bringing  the  anode  down  upon  it 
The  fused  button  of  aluminium  then  becomes  the  cathode.  The 
crucible  is  then  gradually  filled  up  with  its  charge  of  cryolite  and 
bauxite  until  the  entire  mass  is  in  a  molten  state.  The  aluminium 
oxide  alone  is  decomposed  in  the  process,  the  oxygen  escaping 
through  an  opening  in  the  lid,  while  the  metal  collects  at  the  bottom 
and  is  drawn  off  at  the  tap-hole.  Fresh  bauxite  is  added  in  small 
quantities  at  a  time  as  the  action  continues.  It  is  found  that  the 
lining  of  the  crucible,  although  of  alumina,  is  not  dissolved  to  a 
very  great  extent,  owing  to  the  c(X)ling  of  the  surface  by  outside 
exposure  to  the  air. 

Properties. — Aluminium  is  a  tin-white  metal,  possessing'  great 
tensile  strength.     It  is  very  ductile  and  malleable,  but  requires 
frequent  annealing  during  the  process  of  drawing  or  hammering. 
Its  specific  gravity  is  2.58  ;  by  hammering  and  rolling  it  may  be 
raised  to  2.68.     Its  power  of  conducting  heat  and  electricity  is 
about  one-third  that  of  silver.     Aluminium  is  an  extremely  sono- 
rous metal,  and  when  struck  it  emits  a  clear  and  sustained  note. 
It  is  not  tarnished  by  air  under  ordinary  circumstances,  but  when 
strongly  heated  it  becomes  oxidised  ;  and  in  the  condition  of  thin 
foil  it  readily  burns  in  oxygen,  forming  alumina,  A1.,0.,.    The  metal 
melts  at  a  temperature  about  625**.     Aluminium  is  scarcely  acted 
upon  by  nitric  acid  of  any  strength,  but  readily  dissolves  in  hydro- 
chloric acid,  and  in  solutions  of  sodium  or  potassium  hydroxide 
with  elimination  of  hydrogen.    When  heated  with  strong  sulphuric 
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acid,  aluminium  sulphate  is  formed,  and  sulphur  dioxide  is 
evolved. 

Organic  acids  are  almost  without  action  upon  aluminium,  but 
in  the  presence  of  sodium  chloride  they  are  capable  of  dissolv- 
in«^'  it  to  a  slight  extent.  Pure  aluminium  is  scarcely  acted  upon 
by  water  or  steam,  but  the  presence  of  impurities  such  as  usually 
occur  in  the  commercial  metal  renders  it  much  more  readily 
oxidised. 

Aluminium  is  a  highly  electro-positive  element,  and  is  capable 
of  reducing  a  number  of  other  meials  from  their  combinations  with 
oxygen  or  sulphur.  Thus,  when  finely  divided  aluminium  is  heated 
with  the  oxides  of  such  metals  as  manganese,  chromium,  tungsten, 
uranium,  along  with  lime  to  form  a  slag,  an  energetic  action  takes 
place,  in  which  the  aluminium  combines  with  the  oxygen,  and  the 
metals  are  thrown  out  of  combination,  and  are  obtained  as  a 
coherent  mass.  Similarly,  iron  pyrites  is  reduced  to  the  condition 
of  metallic  iron,  with  the  formation  of  aluminium  sulphide. 

The  extreme  readiness  with  which  aluminium  is  able  to  effect  such 
rcduc:tion,  and  the  exceedingly  high  temperature  which  is  reached 
l)y  the  action,  have  led  to  some  useful  applications,  such  as  the 
welding  of  iron,  &c.  The  property  may  readily  be  demonstrated 
by  heating  upon  a  spatula  or  an  iron  plate  a  small  quantity  of  a 
mixture  of  powdered  aluminium  and  copper  oxide.  When  such  a 
mixture  is  brought  into  a  Bunsen  flame  the  action  takes  place 
immediately,  and  is  accompanied  by  an  instantaneous  and  vivid 
flash  of  light. 

Alloys  of  Aluminium. — The  most  important  of  these  is  an 
alloy  with  copper,  containing  10  per  cent,  of  aluminium,  and 
known  as  aluminium  bronse.  This  alloy  has  a  yellow  colour, 
resembling  that  of  gold  ;  it  is  scarcely  tarnished  by  exposure  to 
air,  and  is  susceptible  of  a  high  polish.  Its  specific  gmvity  is  7.69, 
and  it  possesses  a  tenacity  equal  to  that  of  steel,  and  more  than 
twice  that  of  the  best  gun-metal.  The  alloy  is  malleable,  and 
yields  good  aistings,  and  on  account  of  its  many  valuable  pro- 
perties it  is  employed  for  a  variety  of  purposes. 

Aluminium  Oxide  {alumina\  AljjOj,  occurs  native  in  a  colour- 
less crystalline  condition  as  corundum^  and  coloured  by  traces  of 
\  arious  metallic  oxides  in  such  precious  stones  as  ruby^  sapphire^ 
and  amethyst.  In  a  less  pure  condition,  it  occurs  in  large  quantities 
as  emery.  These  naturally  occurring  crystalline  forms  of  alumina 
are  extremely  hard,  ranking  second  only  to  diamond.     Alumina  is 
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obtained  in  an  amorphous  condition  by  igniting  either  the  pre- 
cipitated hydroxide  or  ammonia  alum,  thus — 

Al/HO)e=3H.,0  +  Ala03. 
Al,(SO,)3,(N  H^jSO^ = 2N  H3 + H,0  +  4SO3 + Al^O,. 

It  is  also  obtained  by  the  action  of  carbon  dioxide  upon  sodium 
aluminate  (p.  614).  In  the  crystalline  form  it  is  obtained  'by 
strongly  heating  a  mixture  of  aluminium  fluoride  and  bdron  tri- 
oxide — 

Al^Fe  +  BvOj  =  AI2O3  +  2BF3. 

The  boron  trifluoride  volatilises,  leaving  alumina  in  the  form  of 
rhombohedral  crystals.  Artificial  rubies  have  been  obtained  by 
heating  barium  fluoride  with  alumina,  and  adding  a  trace  of 
potassium  dichromate. 

Amorphous  alumina  is  a  soft  white  powder,  insoluble  in  water, 
but  dissolved  by  acids  with  the  formation  of  aluminium  salts  ;  after 
being  strongly  heated,  however,  alumina  is  attacked  only  with 
slowness  by  hydrochloric  or  sulphuric  acid. 

Aluminium  Hydroxides.  —  Three  hydroxides,  or  hydrated 
oxides,  are  known.  Thus,  when  ammonia  is  added  to  a  solution 
of  an  aluminium  salt,  a  white  gelatinous  precipitate  is  obtained, 
which  when  dried  at  100"*  consists  of  the  trihydrate,  Al^OjjSHjO, 
or  Al._,(HO)y.  If  this  be  heated  to  300'  it  loses  2HjO,  and  is  con- 
verted into  the  mono-hydrate,  Al,Oy,H.,0,  or  Al._,0^(HO)y  By  the 
addition  of  ammonia  to  a  boiling  solution  of  an  aluminium  salt, 
anil  drying  the  precipitate  at  100"",  the  dihydrate  is  obtained, 
A1.P3,2H./),  or  A1,,0(H0)4. 

These  compounds  are  soluble  in  acids,  and  all  yield  the  same 
aluminium  salts. 

Aluminium  hydroxide  unites  with  many  soluble  organic  colour- 
ing-matters, and  precipitates  them  from  solution  as  lakes.  Upon 
this  property  depends  the  use  of  aluminium  salts  as  mordants  in 
dyeing  and  calico-printing  :  the  colouring-matter  being  held  in  the 
fibres  of  the  material  by  the  aluminium  hydroxide,  which  is  pre- 
viously precipitated  upon  the  fabric. 

Aluminates. — Alumina  is  capable  of  acting  as  a  feeble  acidic 
oxide  :  thus,  the  hydn>xidcs  are  dissolved  by  sodium  or  potassium 
hydroxide,  yielding  salts  known  as  aluminates.  Certain  alu- 
minates occur  native,  such  iib  spindle  (magnesium  aluminate), 
Al.j03,Mg(),  and   chrysoberyl   (beryllium   aluminate),  Al._,03,BeO. 
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^Sodium  aliiminftte  U  now  manuraciurrd  on  a  kttfe  scale,  for  the 
I    prepanilion  of  the  mclal  (p.  614)  and  also  ofaluminium  s.nlls. 

It  is  readily  dccmnpoaed  even  by  carbonic  acid  (p.  (114)1  and  by 
ahiminium  chloride ~- 

AI,0,.3Na,0 + A1,C1, = 6  NaCl + 2A1.0,. 

n  the  nuinufac luring  scale  powdered  cryolite  is  employed  to 
I   effect  this  decomposition,  the  alnminium  hydroxide  beint;  pre- 
cipilaicd,  and  the  sodium  fluoride  KO'"K  '"">  solution— 

AlAi3NajO+Al,Fo,l)NaF  =  12NaF+aAI,(\. 

Aluminium  Sulphate,  Ayso,)i,l8H,f).  is  fnund  native  ai  the 
I  mincmU  kmr  sdlt  and  uiumiiiile,  ihc  latter  being  a  busic  salt 


lliaving  the  composition  Alj03SOj.3H,0.  The  normal  sulphate 
lis  obtained  by  dissolving  the  hydrnted  oxide  in  sulphuric  acid. 
I -Large  quantities  of  commercial  aluminium  sulphate  arc  made  by 
I  directly  dissolving  hntixile  in  sulphuric  acid.  The  product,  how- 
I  fever,  contains  Iron,  which  is  detritncntai  to  the  technical  uses  to 
[  which  the  sulphate  is  applied,  and  fiom  which  therefore  it  must 
I  be  carefully  purilicd,  Pure  aluminium  sulphate  is  prepared  from 
(«iilicr  bauxite  or  cryolite  by  first  forming  sodium  aluminatc :  in 
•  farmer  case  by  heatinj-  the  mineral  with  sodium  carbonate 
J  {p.  614),  and  in  the  cnse  of  cryolite  by  Irailln^  with  milk  of  luiie— 

AI,K'„,r!NaF  +  aCa(HO)j  =  6CaF,  +  8HaO-*-Al,0„3Na^. 
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The  siidium  aluminaic,  free  from  Iran,  is  tlicn  decomposed  I 
carbon  dioifide,  as  already  described,  and  the  precipitated  hydra 
oxide  dissolved  in  sulphuric  acid, 
solidities  to  a  white,  ditficullly  cryslallisable  solid. 

The   Alums.— Aluniinium   sulphate   unites   with   certain    1 
sulphates,  forming  double  salts,  which  belong  to  a  class  of  C 
pounds   known   as   the  alums.      The  most  important  of  th<3^~ 
compounds  is  the  double  sulphate  of  aluininium  and  potassium, 
Al5(SO,>s,K5SO„a4HjO,  known    as   polassium   alum,   or    simply 

The  alums  have  the  general  formula  Rj(SO,)3,M,S04,24HJ 
in  which  R  may  be  either  aluminium,  iron,  chromium,  mangu 
(indium  or  gallium),  and  M  a  monovalent  dement  or  group,  s 
as  sodium,  potassium,  or  ammonium. 

These  compounds  are  all  isomorphous,  crj'stal Using  i 
regular  system  (usually  in  cubes  or  oclahedm)  with  tweniy-Ii 
molecules  of  water.  Fig.  i4g  represents  a  crystal  of  potassd 
alum  (A)  and  potassium  chromium  alum  (B),  In  naming  I 
alums*  it  is  usual,  when  ihe  salt  contains  aluminium,  only  ] 
introduce  the  name  of  the  monovalent  eleiiienl  or  group  : 

(  Ilium,  ot potassium  alum,  signifies  the  double  sulphi 
lolassium, and  nhiminiunt.    If,  on  iheotlierh 
(he  compound  contains  no  aluminium,  the  names  of  both  meq 
arc  used,  thus,  potassium  chromium  alum,  1 


■juinn,  which  rewinlile  Ihe  *Iu; 
them.    These  are  U 
s.  in  which  the  two  uonu  nf  J 
urn  ot  A  divalent  demcnl,  v 

.     Al,(SO,),MnSOj,«!t 
.     AyS04i,Pe.SO|,S4H|ai,  I 

.     Kea(SO,)^nSO»WHiIXT 

r,  nnd  iheir  solutions  have  J 

n  analogue  of  sulphuric  Bcid)  forms  ft 
Donslliuted   Sfrie  of  ilouble  wlunates,  crystallising  in  ihe  saina  lenn,  j 
with  llie  stiiis  numtftr  or  molecules  of  wnler.    The  system 
adopted  Tor  ihnc  compounds  H  ihc  same;    thus,  ammmi 
aignifias  the  double  selenLiiP  of  atnmoniuni  and  aluminium,  wblli!  / 
ckromiuvi   iticniiraluHi   ivpiesents  the    double  selcnate 
cbromiunL 


A  SH.'ond  class  of  Aautiic  suljihales  is 
although  ihey  arc  001  iiomorphoiis  wii' 
alumi.  They  may  be  regnrdn!  iis  nlun 
monovolenl  element  arc  nejilaced  by  one  a 

Manganese  ataminlum,  psevidn-iilum 
Iron  alumlniuni,  pseudo-alum 
Copper  iron,  pseudo-aluin      . 
Zinc  iron,  psciido-alum  . 
Magnesium  manBRnese,  psvudo-alum 

The  altims  are  all  soluble  in  wati 
*  Selanic  acid  (the 
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acid  reaction  and  possess  an  astringent  taste.  When  heated 
they  gradually  part  with  water,  and  at  higher  temperatures  are 
broken  up  into  oxides  and  alk<iline  sulphates ;  in  the  case  of 
ammonium  alums,  leaving  only  the  metallic  oxide. 

Potassium  Alum,  Alj(S04)3,K2S04,24Hp,  is  prepared  by 
the  addition  of  the  requisite  quantity  of  potassium  sulphate  to 
aluminium  sulphate.  A  considerable  quantity  of  alum  is  also 
obtained  from  a  naturally  occurring  basic  potassium  alum,  known 
as  alum  sione,  or  alunite^  which  has  the  composition  Alj{(S04)3, 
K.,S04,'2A!203,HH20.  At  Tolfa  this  is  first  calcined,  and  after- 
wards lixiviated  with  water,  which  dissolves  the  potassium  alum, 
leaving  alumina  undissolved.  The  alum  so  obtained  is  known  as 
Roman  aium ;  and  although  it  has  a  reddish  colour,  due  to  the  pre- 
sence of  iron,  this  iron  is  present  only  as  the  insoluble  oxide,  which 
is  readily  removed,  and  the  salt  is  in  reality  extremely  pure. 

Alunite  is  also  converted  into  alum,  by  treating  the  calcined 
mineral  with  sulphuric  acid,  and  adding  the  requisite  quantity  of 
potassium  sulphate.  A  large  quantity  of  alum  is  manufactured 
from  alum  shale^  which  is  a  bituminous  mineral,  consisting  chiefly 
of  aluminium  silicate,  with  finely  divided  iron  pyrites  dissemi- 
nated throughout  the  mass.  The  shale  is  usually  first  roasted, 
and  is  then  exposed  to  the  action  of  air  and  moisture,  whereby 
the  oxidation  of  the  pyrites  is  completed.  The  result  of  this 
oxidation  is  the  fom\ation  of  sulphuric  acid,  which,  acting  upon 
the  aluminium  silicate,  forms  aluminium  sulphate,  while  the  iron 
is  converted  into  ferrous  and  ferric  sulphates,  and  ferric  oxide.  The 
oxidised  mass  is  then  lixiviated  with  water,  and,  after  concentra- 
tion, the  requisite  quantity  of  potassium  chloride  or  sulphate  is 
added  to  the  hot  liquor.  (The  use  of  potassium  chloride  is  pre- 
ferable, as  by  double  decomposition  the  ferrous  and  ferric  sulphates 
are  converted  into  the  very  soluble  chlorides,  and  an  equivalent 
amount  of  potassium  sulphate  is  formed.)  The  liquor  is  stirred 
mechanically  during  its  cooling,  whereby  the  alum  is  deposited  in 
small  crystals  known  as  alum  meal,  which  permit  of  its  more 
ready  purification  by  recrystallisation. 

Alum  crystallises  in  fine  colourless  regular  octahedra,  which,  on 
exposure  to  the  air,  become  coated  with  a  white  efflorescence,  due 
not  to  loss  of  water,  but  to  absorption  of  atmospheric  ammonia,  and 
the  fonnation  of  a  basic  salt. 

The  solubility  of  alum  in  water  increases  rapidly  with  rise  of 
temperature.     Thus,  100  parts  of  water  at  o**  dissolve  3.9  parts  of 
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alum  ;  at  50*",  44.1  parts  ;  and  at  icx>%  357.5  parts.    Alum  is  in- 
soluble in  alcohol. 

When  heated  to  42^,  alum  loses  1 1  molecules  of  water ;  and 
when  heated  to  61**  in  a  closed  vessel  over  sulphuric  acid,  it  parts 
with  18  molecules. 

On  the  application  of  heat,  alum  first  melts  in  its  own  water  of 
crystallisation,  which  is  gradually  expelled,  until  at  a  dull  red  heat 
the  salt  is  converted  into  a  white  porous  mass,  known  as  burnt 
alum.  At  a  still  higher  temperature  it  is  broken  up  into  potassium 
sulphate,  alumina,  and  sulphur  trioxide.  Burnt  alum  is  only  very 
slowly  dissolved  by  water.  The  chief  use  of  alum  is  as  a  mordant 
in  dyeing,  alum  being  a  salt  which  is  much  more  easily  obtained 
in  a  state  of  purity  than  aluminium  sulph<ite.  By  the  addition  of 
sodium  hydroxide  or  carbonate  to  a  solution  of  alum,  until  the 
precipitate  first  thrown  down  is  just  redissolved,  a  basic  alum  is 
produced  known  as  neutral  alum — 

2Al2(S04)3,K2S04 +6NaH  O  =  AL(S04)3,AL(H0)e,K.^SO4  + 

JNajSO^  +  KjSO^. 

This  solution  gives  up  its  alumina  to  the  fabric  with  great  ease, 
and  on  this  account  is  used  by  dyers  and  calico-printers  as  a 
mordant. 

When  this  solution  is  heated  to  40**,  ordinary  alum  is  reformed, 
and  a  precipitate  is  obtained  consisting  of  another  basic  salt,  hav- 
ing the  same  composition  as  aluniie^  thus — 

2Al2(S04)3,Al2(HO)fl,K2S04  =  AU(S04)3,K,,S04)  + 
^12(504)3,2  AljjOjjKjjSO^  +  T)  H  5,0. 

Aluminium  Fluoride,  AlgFj.  — This  compound  may  Ik»  prepared  by  passing 
gaseous  hydrochloric  acid  over  a  mixture  of  tlu(jrsp;ir  and  alumina  berated  to 
whiteness  in  a  graphite  tube,  when  aluminium  fluoride  volatilise.'^,  leaving 
calcium  chloride  - 

3CaFo -I  AI2O3  +  CHCl =3H.p  +  SCaCLj + Al^Frt. 

In  the  form  of  a  crystalline  hydrate  it  may  be  obtained  by  dissolving  alumina 
in  aqueous  hydrofluoric  acid — 

Al.O:,+  r)HF+  H.p  =  AUFh.THoO. 

Aluminium  fluoride  forms  colourless  rhoml)ohedral  crystals,  which  are  in- 
soluble in  water.  It  combines  with  alkali  fluorides,  forniinj:;  insolubl*^  double 
fluorides,  of  which  the  sodium  compotmd  is  the  most  important,  Al.,Fp,,(»NaF. 
'Hiis  compound  occurs  native  as  the  mineral  oyoliU. 
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Aluminium  Chloride,  AljCl^. — This  compound  is  produced 
when  powdered  aluminium  is  strongly  heated  in  chlorine,  or  with 
certain  metallic  chlorides,  such  as  zinc  chloride.  It  is  best  obtained 
by  passing  chlorine  over  a  strongly  heated  mixture  of  alumina 
and  charcoal. 

An  aqueous  solution  of  aluminium  chloride  may  be  obtained  by 
dissolving  alumina  in  hydrochloric  acid.  On  ev.iporation  the 
solution  deposits  crystals  of  a  hydrate,  AIjjCIq.I^H^O. 

Aluminium  chloride  forms  white  hexagonal  crystals,  which  fume 
strongly  in  moist  air.  When  gently  heated  it  vaporises,  and  sub- 
limes without  fusion.  When  heated  under  pressure  of  its  own 
vapour,  the  compound  melts.  It  dissolves  in  water  with  the 
evolution  of  heat,  and  the  solution  on  evaporation  deposits  the  * 
h  yd  rated  chloride,  which,  on  being  heated,  breaks  up  into  hydro- 
chloric acid,  water,  and  alumina — 

Alj,Cloa2Hj,0  =  GHCH-9H20-HAl205. 

Aluminium  chloride  unites  with  other  metallic  chlorides,  forming 
double  salts,  of  which  the  sodium  compound  Al2Clo,2NaCl  (page 
615)  is  the  most  important.  It  also  combines  with  ammonia, 
forming  the  compounds  Al2Cle,6NH3  and  AljCl8,2NH3. 

Aluminium  Sulphide,  AI2S3.— When  finely  divided  aluminium 
is  heated  with  iron  pyrites,  an  energetic  reaction  takes  place  ; 
metallic  iron  being  reduced,  and  aluminium  sulphide  being  formed. 
1he  same  compound  is  produced  when  sulphur  is  thrown  upon 
stronj^ly  heated  aluminium.  As  obtained  by  these  methods, 
aluminium  sulphide  is  a  greyish-black  solid,  which,  when  thrown 
into  water,  is  converted  into  the  oxide  with  evolution  of  sul- 
phuretted hydrogen — 

Al,S3  +  3H550  =  Al5j03  +  3H4S. 

The  compound  is  decomposed  in  the  same  manner  by  atmos- 
pheric moisture  when  exposed  to  the  air. 


THALLIUM. 

Formula,  TL    Atomic  weight = 904.  i. 

History. — Thallium  was  discovered  by  Crookes  (1861)  in  the 
seleniferous  deposit  from  a  sulphuric  acid  manufactory.     In  the 
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spectroscopic  exaiiiinaliou  of  cerLiin   residues  obtained  itl  tJir  '" 
traction  of  selenium  from  this  ileposil,  the  presence  of  an  unkirn. 
element  was  manifested,  by  the  appearance  of  one  bright   |;n'i  i 
line.     From  its  characteristic  spectrum,  ibe  name  tkallium  (signi- 
fying a  green  twiff)  was  given  to  the  elemcnl. 

Occurrenee. — Thallium  is  found  in  small  quantities  in  m.nny 
varieties  of  iron  pyrites,  and  wlien  these  are  employed  in  the 
manufacture  of  sulphuric  acid,  oxide  of  thallium  collecis  in  the 
Hue  dust  ofthe  pyrites  burners.  Thallium  also  occurs  associaied 
with  copper,  selenium,  and  silver,  in  (be  rare  mineral  crookesile. 

Mode  of  Formation, — ^Thc  metal  is  obtained  by  reducing  the 

sulpliate,   by    immersing   strips   of  zinc   into   the  solution.      The 

*  thallium  is  deposited  upon  the  zinc,  as  a  spon);y  or  crystalline  rnnss, 

which    is   then   pressed    together   and   fused    beneath    potassimn 

cyjinide  in  a  crucible. 

Properties.— Thallium  is  a  soft  heav'y  metal,  resemblinff 
h  is  readily  ctit  with  a  knife,  and  leaves  a  streak  when  di 
across  paper.  When  preserved  out  of  contact  with 
white  lustrous  metal;  but  on  exposure  to  the  air  it  tarnisTi< 
upon  its  surface,  with  the  formation  of  black  thatlous  oxide.  I .  - 
specific  gravity  is  i  J. 8,  and  it  melts  at  ^go'. 

When  exposed  to  air  and  moisture,  or  when  placed  in  water 
which  is  free  to  absorb  atmospheric  oxygen,  the  metal  is  slowly 
converted  into  thallous  hydroxide,  which  is  soluble  in  walcc,  and 
imparts  to  the  liquid  a  strong  alkaline  reaction.  The  suluii'-'> 
absorbs  carbon  dioxide,  with  the  formation  of  thallous  cirbonrii' 
When  heated  in  the  air  thallium  melts,  and  rapidly  oxidises  i 
thallium  trioxide,  Tl^Oj ;  heated  in  oxygen  it  burns,  forming  the 
same  oxide.  It  readily  burns  when  heated  in  chlorine,  produi 
Ihallrms  chloride,  TICl.     The  metal  is  soluble  in  dilule  adds. 

Oxides  of  Thallium.— 1' wo  oxides  are  known,  namely, 
oxide.  T1,0,  and  Ihallic  oxide,  TLOj. 

Thallous  Oxide,  Tl,0,  forms  as  a  dark  grey  film  uponi 
surface  of  the  metal,  on  exposure  to  the  air.     It  may  kIi 
obtained  by  heating  the  hydroxide  to  loo°.     It  dissolves  ia 
fimning  the  hydroxide. 

Thallous  Hydroxide  is  obtained  by  the  addition  of 
hydroxide  to  a  solution  of  thallous  sulphate,  the  precipitated 
sulphate  being  removed  by  filtration— 

TI,SO,  +  Ba(HO)i,=  BaSO,  +  :;TlHO. 
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The  solution,  on  concentration,  deposits  yellow  needle-shaped 
crystals  of  TIH0,H20.  Thallous  hydroxide  is  soluble  in  water, 
yielding  an  alkaline  solution  which  gives  a  brown  stain  upon 
turmeric  paper.  The  stain  soon  disappears,  owing  to  the  de- 
struction of  the  colouring-matter,  and  is  thereby  distinguished 
from  the  similar  stains  produced  by  sodium  and  potassium 
hydroxides. 

Thallic  Oxide,  Tl^Oj,  is  obtained  when  thallium  burns  in  the 
air,  or  when  thallium  oxyhydroxide,  TIO(HO),  is  heated  to  ioo\ 
It  forms  a  dark  reddish  powder,  insoluble  in  water.  In  warm 
dilute  sulphuric  *icid  it  dissolves,  forming  thallic  sulphate — 

TljjOj  f  3H2S04  =  Tlj(S04)3  +  3H20, 

but  with  hot  concentrated  acid  oxygen  is  evolved,  and  thallous 
sulphate  formed — 

TL03-}-H5jS04=Tl2S04+02  +  H20. 

At  a  red  heat  thallic  oxide  is  converted  into  thallous  oxide  with 
loss  of  oxygen. 

Thallium  Oxyhydroxide,  TIO(HO),  is  formed  by  the  action  of 
potassium  hydroxide  upon  thallium  trichloride — 

TlCl3  4-3KHO  =  3KCl  +  H204-T10(HO). 

Thallous  Chloride,  TICI,  is  obtained  as  a  white  curdy  precipi- 
tate when  hydrochloric  acid  is  added  to  a  solution  of  a  thallous 
salt.  It  is  considerably  more  soluble  in  hot  than  in  cold  water : 
100  parts  of  water  at  16°  dissolve  0.265  P^^  ;  and  at  100**,  1.427 
part  of  thallous  chloride. 

Thallic  Chloride,  TICI3,  is  formed  by  passing  chlorine  through 
water  in  which  thallous  chloride  is  suspended.  The  solution  so 
obtained,  on  evaporation  in  vacuo,  deposits  colourless  transparent 
(rystals  of  TlCl3,2H20. 

When  either  thallium  or  thallous  chloride  is  gently  heated  in  a 
stream  of  chlorine,  a  compound  is  obtained,  having  the  composition 
T]C1.„T1C1,  or  TIXI4.  If  this  be  further  heated,  it  loses  chlorine, 
and  is  converted  into  a  yellow  crystalline  compound  of  the  com- 
position T1C13,3T1C1,  or  Tl^Cle,  thus— 

2  R 
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ThallOUS  OxysaltS.— the  sulphate  T]j(S04,  and  nitrate  TlNO» 
are  best  obtained  by  dissolving  the  metal  in  the  respective  acids. 
Both  salts  are  soluble  in  water. 

Thallous  Carbonate,  TlgCO,,  is  prepared  by  saturating  a  solu- 
tion of  thallous  hydroxide  with  carbon  dioxide.  The  salt  forms 
long  white  prismatic  (monosymmetric)  crystals,  which  are  mode- 
rately soluble  in  water,  giving  an  alkaline  solution. 

Thallous  Phosphatet  TI3PO4,  is  obtained  by  precipitation  from 
a  thallous  solution,  by  the  corresponding  potassium  phosphate. 
The  monohydrogcn  phosphate,  HTI2PO4,  on  being  heated  to  200*, 
is  converted  into  pyrophosphate — 

2HTljP04-  H,0 +Tl4P,0., 

and  the  dihydrogen  salt,  on  being  ignited,  yields  the  metaphos- 

phate — 

H2T1P04=H20  +  T1P03. 

ThalliO  OxysaltS.— The  chief  of  these  are  thallic  sulphate, 
Tlji(S04)3 ;  and  thallic  nitrate,  T1(N03)3.  They  are  obtained  by  the 
action  of  sulphuric  acid  and  nitric  acid  respectively  upon  'thallic 
oxide  TljOj.  Thallic  sulphate  forms  colourless  crystals  of  the 
composition  TL(S04)3,7H._,0.  It  is  decomposed  by  excess  of  water, 
with  precipitation  of  the  hydrated  oxide  ;  and  when  heated  yields 
thallous  sulphate,  sulphur  trioxide,  and  oxygen — 

Tl2(S04)3  =  Tl,S04+2S03+02. 

Thallic  nitrate  is  deposited  in  colourless  crystalsof  Tl(N03)3,8HjO, 
which  are  decomposed  in  the  presence  of  much  water. 


CHAPTER  IX 
THE  ELEMENTS  OF  GROUP  IV 


Family 
Titanium,  Ti 

A. 

48.1 

Zirconium,  Zr 

.       90.7 

Cerium,  (.'c  . 
TJiorium,  Th 

140 
.     232.5 

Family  R. 
Carbon,  C   .         ,  12.00 

Silicon,  Si     .        .         .38.4 
Germanium,  Ge  .         .72 
Tin,  Sn        .        .        .118.5 
Lead,  Pb     .         .        .     206.9 

Family  A  consists  of  four  rare  elements.*  Titanium,  as  the 
oxide  TiO.^,  occurs  in  the  three  rare  minerals — rutiUy  brookite^  and 
anasias€,  Tlie  metal  is  extremely  difficult  to  isolate  in  a  pure 
state,  owing  to  the  fact  that  it  unites  directly  with  nitrogen,  forming 
a  nitride. 

Zirconium  is  met  with  as  the  silicate  ZrSiOi  (or  ZrOj,SiO^  in 
the  mineral  zircon.  Like  silicon,  it  has  been  obtained  in  two 
fonns,  crystalline  and  amorphous.  The  latter  variety,  when  gently 
heated,  burns  in  the  air,  while  the  crystalline  variety  requires  the 
high  lempeniture  of  the  oxyhydrogen  flame  for  its  ignition. 

Cerium  occurs  associated  with  lanthanum  in  the  rare  minerals 
ceritc  and  orthiie,  and  with  yttrium  and  ytterbium  \n  gadoiiniU  2ini\ 
ivohleriie. 

Thorium  is  found  in  the  extremely  rare  minerals,  thorite  and 
orangeite^  met  with  in  Norway. 

Family  B.— In  this  family  the  rare  element  germanium  forms 
a  link  l^etween  carbon  and  silicon  on  the  one  hand,  and  tin  and 
lead  on  the  other. 

Carbon  (the  typical  element)  is  essentially  non-metallic,  and 
forms  an  acidic  oxide.  Silicon  approaches  more  nearly  to  the 
metals  in  its  physical  properties,  but  its  oxide  is  still  acidic,  and 
no  compounds  are  known. in  which  silicon  functions  as  a  basic 
element.     Germanium  is  both  metallic  and  non-metallic  ;  its  oxide 

•  For  descriptions  of  these  rare  elements  the  student  is  referred  to  larger 
treatises. 
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unites  with  acids  ;  and  it  also  combines  with  alkaline  hydroxides, 
forming  germanates  corresponding  to  silicates.  Tin  is  a  still  more 
basic  element,  forming  well-marked  salts  with  acids  ;  but  it  is  also 
acidic,  and  with  alkalies  forms  stannates. 

Carbon  and  silicon  exhibit  a  close  relationship.  They  both 
form  allotropes,  which  correspond  in  many  respects.  They  both 
unite  with  hydrogen,  forming  the  analogous  compounds  CH4  and 
SiH^ ;  and  with  hydrogen  and  chlorine  they  form  the  similarly  con- 
stituted compounds,  chloroform,  CHCI3 ;  and  silicon  chloroform, 
SiHClg. 

Tin  and  lead  approach  more  nearly  to  each  other,  especially  in 
their  physical  properties,  than  to  the  other  members  of  the  family. 
They  both  form  compounds,  in  which  the  metals  function  both 
as  divalent  and  tetravalent  elements ;  although  in  the  case  of 
lead  (as  often  happens  with  the  heaviest  metals  of  a  family),  the 
element  exhibits  much  greater  readiness  to  act  in  the  lower  state 
of  atomicity.  Until  quite  recently  (1893)  ^^  compound  was  known 
in  which  an  atom  of  lead  is  united  with  four  monovalent  atoms, 
although  lead  ethide,  Pb(C2H6)4,  had  been  obtained.  Now,  how- 
ever, the  compound  PbCl4  has  been  produced,  corresponding  to 
SnCl4,  which  it  resembles  in  many  respects ;  and  still  ni«re 
recently  (1894)  the  tetrafluoride  has  been  obtained. 

Carbon,  as  usual  with  the  typical  elements,  stands  apart  from 
the  other  members  of  the  family  in  many  of  its  attributes.  Thus, 
its  oxides  are  both  gaseous  ;  it  also  forms  a  vast  number  of  com- 
pounds with  hydrogen,  oxygen,  and  nitrogen,  the  study  of  which 
constitutes  the  science  of  organic  chemistr>'.  This  element  has 
already  been  treated  in  Part  II.  (page  285). 


SILICON. 

Symbol,  Si.     Atomic  weight  =  28.4. 

Occurrence. — Silicon  is  not  know  n  to  occur  in  the  uncombined 
state,  although  in  combination  it  is  the  most  abundant  and  widely 
distributed  of  all  the  elements,  with  the  exception  of  oxygen.  In 
combination  with  oxygen,  as  silicon  dioxide  or  silica^  SiO^,  it 
occurs  7{.s  jUnt^  sixmi^  quiirtz^  rock  crystal^  ^x\(S.  chalcedotiy ;  while 
in  combination  with  oxygen  and  such  metals  as  calcium, magnesium, 
and  aluminium,  it  occurs  in  clay  and  soil,  and  constitutes  a  large 
number  of  tb**  ^^'^^^  which  make  up  the  earth's  crust.     Silicon,  in 
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combination  with  oxygen,  is  also  met  with  in  the  vegetable  kingdom, 
being  absorbed  by  plants  from  the  soil. 

Modes  of  Formation.— ( I.)  Silicon  may  be  obtained  by  strongly 
heating  a  mixture  of  potassium  silico-fluoride  and  potassium — 

K^SiFfl  +  aKjj^Si  +  OKF. 

The  mass,  after  cooling,  is  treated  with  water,  which  dissolves 
the  potassium  fluoride,  leaving  the  liberated  silicon. 

(2.)  This  element  may  also  be  prepared  by  heating  sodium  in  a 
stream  of  the  vapour  of  silicon  tetrachloride — 

SiCl4  +  2Na^  =  Si  +  4NaCl. 

(3.)  In  an  impure  state,  mixed  with  magnesium  silicide,  it  may 
also  be  obtained  by  heating  a  mixture  of  dry  white  sand  with 
about  four  times  its  weight  of  dry  magnesium  powder  in  a  hard 
glass  tube. 

As  obtained  by  either  of  these  methods  the  silicon  is  in  the  form 
of  an  amorphous,  dark-brown  powder. 

(4.)  Silicon  is  obtained  in  a  crystalline  condition  by  passing  a 
slow  stream  of  the  vapour  of  silicon  tetrachloride  over  aluminium, 
previously  melted  in  a  current  of  hydrogen  ;  the  volatile  aluminium 
chloride  passes  on  in  the  stream  of  gas,  and  the  liberated  silicon 
dissolves  in  the  excess  of  aluminium — 

3SiCl4  +  -*  Al  ==  3Si  4-  2Al2Cle. 

As  the  mass  cools,  silicon  is  deposited  in  the  form  of  long,  lustrous, 
needle-shaped  crystals. 

(5.)  The  most  convenient  method  for  the  preparation  of  crystal- 
lised silicon  consists  in  heating  in  a  crucible  a  mixture  of  3  parts 
of  potassium  silico-fluoride,  i  part  of  sodium,  and  4  parts  of  granu- 
lated zinc.  The  regulus  so  obtained  contains  crystallised  silicon. 
It  is  gently  heated,  and  the  excess  of  zinc  drained  away,  the  re- 
mainder being  removed  by  treatment  with  acids. 

Properties.— Amorphous  Silicon,  as  obtained  by  the  reactions 
Nos.  I  and  2,  is  a  dark-brown  amorphous  powder,  having  a  specific 
gravity  of  2.15.  When  heated  in  the  air  it  burns  with  the  forma- 
tion of  silicon  dioxide,  which,  being  non-volatile,  coats  the  particles 
of  the  element  and  protects  it  from  complete  oxidation.  It  bums 
when  heated  in  a  stream  of  chlorine,  with  formation  of  silicon 
tetrachloride.      It  is  insoluble  in  water,  and  in  all  acids  except 
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hydrofluoric  acid,  in  which  it  dissolves,  with  the  formation   of 
silico-fluoric  acid  and  evolution  of  hydrogen — 

Si+6HF  =  H2SiFe+2H^. 

On  boiling  with  potassium  hydroxide  it  forms  potassium  silicate 
and  hydrogen — 

Si  +  2KH04-H20  =  K2Si034-2Hj. 

Crystallised  Silicon.— As  obtained  by  reactions  Nos.  4  and  5, 
silicon  is  a  brilliant,  steely-grey  substance,  crystallised  in  needles 
derived  from  the  rhombic  octahedron.  The  specific  gravity  of  the 
crystals  is  2.34  to  2.49.  Crystallised  silicon  does  not  bum  in 
oxygen,  even  when  strongly  heated  ;  it  bums  when  heated  in 
chlorine,  and  takes  fire  spontaneously  when  brought  into  fluorine. 
It  is  not  soluble  in  any  acid  except  a  mixture  of  nitric  and  hydro- 
fluoric acids.  Crystallised  silicon  is  very  hard,  being  capable  of 
scratching  glass.  When  silicon  is  exposed  to  a  high  temperature, 
out  of  contact  with  air,  it  becomes  denser  and  harder,  and  has 
been  obtained  in  the  form  of  small,  steel-grey  nodules,  showing  a 
crystalline  structure,  and  having  a  specific  gravity  as  high  as  3.0.* 

Silicon  Hydride,  SiH4. — This  compound  is  evolved  at  the 
negative  electrode  (along  with  hydrogen)  when  dilute  sulphuric 
acid  is  electrolysed,  the  electrodes  consisting  of  aluminium  con- 
taining silicon. 

In  an  impure  condition,  also  mixed  with  hydrogen,  this  gas  may 

*  Although  silicon  in  combination  is  such  an  abunilant  element,  constituting, 
as  it  does,  alxjut  one-fourth  of  the  total  weight  of  the  solid  crust  of  the  earth, 
in  the  free  state  it  must  still  be  regarded  as  somewhat  of  a  rarity,  and  con- 
socjuenily  a  good  deal  of  uncertainty  exists  as  to  its  properties.  From  differ- 
ences that  have  been  observed  in  the  substance,  as  obtained  by  different 
methods,  and  from  the  close  analogy  that  exists  between  silicon  and  carbon. 
it  was  at  one  time  believed  that  three  allotropes  of  this  element  existed,  corre- 
sfKDnding  to  those  of  carbon.  Amorphous  silio^n  was  considered  to  represent 
charcoal.  A  crysialline  substance  obtained  by  Wiihler,  by  heating  p>otassium 
silico-fluoride  with  aluminium,  has  l)een  regarded  as  corresponding  to  graphite, 
and  called  grafihitic  silicon  ;  while  the  octahedral  crystals  of  silicon  prepared 
by  reactions  4  and  5  given  al^)ve  (l.)eville)  were  thought  to  l)e  the  analogue  of 
(li;4mond  ;  and  this  substance  has,  therefore,  been  called  diamond  or  adaman- 
toid  silicon.  There  is  cfm^iderable  doubt  as  to  whether  the  silicon  obtained 
by  .ill  these  various  methods  was  sufHciently  pure  to  warrant  this  classification, 
and  this  doubt  is  not  diminished  by  the  recently  discovered  fact  that  silicon 
with  cirlwn,  forming  a  hard  crystalline  substance  which  has  received 
'  carkorundum. 


Liquid  Silicon  Hydride  631 

be  obtikincd  by  ihe  action  of  hydrochloric  acid  upon  magnesium 
5iMg,+4HCl=2MKCl,+SiH,. 

(Magnesium  silicide  for  this  reaction  may  be  prepared  by  fusing 
tO};cther  in  a  covered  crucible  a  mixture  of  dry  magnesium  chloride 
40  parts,  dry  sodium  chloride  10  parts,  sodium  silico -fluoride  35 
pins,  and  metuliic  sodium  zo  parts.) 

I'urc  silicon  hydride  is  prepared  by  acting-  upon  Iriethyl  silico- 
formate  with  metallic  sodium.  The  mode  of  action  of  the  sodium 
is  not  known  ;  the  ethyl  silicn-formate  breaks  up  into  silicon  hydride 
;ind  ethyl  silicate — 

4SiH(OC,Hs)3  =  SiH^^-3Si(OC,H5),. 

Properties. — Silicon  hydride  is  a  colourless  t^as.  .^s  obtained 
by  the  first  two  methods  it  inflames  spontaneously.  The  pure 
K.is  does  not  possess  this  property.  Its  ignition-point,  however, 
is  verj'  low,  and  if  the  jjas  be  slightly  warmed,  or  if  a  jet  of  it  be 
caused  to  impinge  upon  an  object  a  few  degrees  above  the  ordinary 
temperature,  llie  gas  at  once  takes  fire  and  bums  with  a  brightly 
luminous  flame  :  il  is  also  rendered  spontaneously  inflammable 
by  reduction  of  pressure  or  by  admixture  with  hydrogen.  When 
Immght  into  chlorine  the  gas  takes  fire,  with  formation  of  silicon 
chloride  and  hydrochloric  acid. 

When  treated  with  an  aqueous  solution  of  sodium  or  potassium 
liydruxidc,  silicon  hydride  is  dcconi|>osed,  giving  the  alkaline 
bilicatc  and  evolving  four  times  its  own  volume  of  hydrogen — 

SiH,  +  2NaHO+H,0  =  .SiO(NaO),+4Hj. 

Liquid  SHIcon  Hydride,  Si,H,.— This  compound,  which  has 
([uiic  recently  been  discovered,*  is  obtained  by  passing  the  pro- 
duiis  from  the  action  of  dilute  hydrochloric  acid  upon  magnesium 
silicide  through  a  vessel  cooled  by  liquid  air  or  oxygen,  and 
separating  the  condensed  products  by  fractionation. 

Properties.— Liquid  silicon  hydride  is  a  colourless  mobile  liquid 
tmiling  at  +53'.  It  may  be  frozen  by  means  of  liquid  air  to  a 
whitecrystaIlinesolid,meltingat  -  138°.  The  liquid  is  spontaneously 
inflainmable  in  air  at  the  ordinary  temperature,  burning  with  a  bright 
while  flame  and  depositing  amorphous  silicon  and  silicon  dioxide, 

•  Muiuan  and  Smiles,  Comftti  Kciidui,  March  190a. 
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If  a  small  quantity  of  the  liquid  be  vaporised  into  an  attnosphc 
of  hydrogen,  the  hydrogen  acquires  the  property  of  spontanec 
inflammability  in  contact  with  the  air.  Liquid  silicon  hydride 
immediately  attacked  by  an  aqueous  solution  of  potash,  yieldi 
potassium  silicate  and  hydrogen — 

.      SijHo  +  4KHO  +  2H2O  =  2SiO(KO)2  -I-  7H^ 

Silicon  Fluoride,  SiF4. — This  compound  is  formed  when  silic 
is  brought  into  fluorine,  the  silicon  taking  fire  spontaneously 
the  gas. 

It  is  prepared  by  the  action  of  sulphuric  acid  upon  a  mixture 
powdered  fluorspar  and  sand — 

2CaF24-2H2S04+SiOs=2CaS04  +  2H20  +  SiF4. 

PPOpePtles. — Silicon  fluoride  is  a  colourless,  fuming  gas.  It 
not  inflammable,  and  does  not  support  combustion.  It  is  deco 
posed  by  water  into  hydrofluosilicic  acid  and  silicic  acid,  hence  t 
gas  cannot  be  collected  over  water — 

3SiF44-3H.p  =  2H.SiFp+ HsSiOa. 

The  silicic  acid  is  precipitated  as  a  gelatinous  mass.  Ea 
bubble  of  gas  as  it  comes  in  contact  with  the  water  is  at  on 
decomposed,  and  a  little  sack-like  envelope  of  silicic  acid 
formed  round  it.  On  filtering  the  liquid,  a  solution  of  hydxoflt 
silicic  acid  is  obtained.  When  silicon  fluoride  is  passed  o\ 
strongly  heated  silicon,  a  white  powder  is  obtained  having  t 
composition  Si-^F^. 

Silicon  Chloride,  SiCl4,  is  formed  when  silicon  is  heated  in 
stream  of  chlorine.  Under  these  circumstances  the  silicon  bui 
in  the  gas. 

It  is  obtained  by  heating  an  intimate  mixture  of  silica  a 
carbon  in  a  stream  of  chlorine,  and  passing  the  products  throuj 
a  cooled  tube — 

.SiO..  +  2C  4-  2C1,,  -  :>CO  -f  SiCl^. 

Properties.  -Silicon  chloride  is  a  colourless  liquid  which  fum 
strongly  in  moist  air  and  boils  at  58.3\  It  is  decomposed  \ 
water  into  silicic  and  hydrochloric  a^ids — 

SiCL  4. 4HaO  ^  Si(H  0)4 -f  4  H  CI, 
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and  the  silicic  acid  so  formed  passes  either  entirely  or  in  part 
into  the  dibasic  acid,  thus — 

Si(H0)4= SiO(HO)i+ H.O. 

Dililicon  Hexachloride  (also  known  as  silicon  trichloride),  SigCM«.  is  formed 
when  the  vapour  of  silicon  tetrachloride  is  passed  over  strongly  heated 
silicon — 

3SiCl4+Si=2SiaClfl. 

It  may  Ijc  prepared  by  gently  heating  the  corresponding  iodine  compound 
with  mercuric  chlori<le  — 

Si2l«+3HgCl,=SL/:i«  f  SHgla. 

Properties.  -  Disillcon  hexachloride  is  a  mobile,  colourless,  fuming  liquid, 
which  iKjils  at  147'*  and  crystallises  at  - 1*.  When  the  liquid  is  Imiled  and  the 
hot  va|x)ur  allowed  to  (*scape  into  the  air,  it  spontaneously  ignites. 

Silicon  forms  two  compounds  with  bromine  and  with  iodine  corresponding 
to  the  chlorides,  namely — 

SiBr4;  SioBr« ;  Sil4;  Si^I^. 

Silicon  Dioxide,  SiO^,  occurs  in  nature  in  a  more  or  less  pure 
fonn  in  a  large  number  of  minerals,  some  of  which  have  already 
l)een  alluded  to  as  natural  compounds  of  silicon.  Silicon  dioxide 
in  an  amorphous  form  is  met  with  in  the  different  varieties  of 
opiil^  and  in  enormous  quantities  in  the  deposit  known  as  kiesel- 
guhr.  This  substance  consists  of  the  remains  of  extinct  dia- 
toniacea*,  and  is  met  with  in  various  parts  of  Germany.  In  a 
(Tystalline  condition  silica  occurs  as  quartz  or  rock  crystal^  and 
also  in  a  nirer  form  as  tridymite. 

Modes  of  Formation.— ( I.)  Silicon  dioxide  is  formed  when 
amorphous  silicon  is  burnt  in  air  or  oxygen. 

(2.)  It  may  be  prepared  by  heating  silicic  acid,  which  readily  parts 
with  water  and  leaves  pure  silicon  dioxide  as  a  light  white  amor- 
phous powder — 

Si(HO)4  =  SiOj+2HjO;  or 
SiO(HO)2=Si02  4-H20. 

(3.)  In  minute  crystals,  silicon  dioxide  is  obtained  by  strongly 
heating  a  solution  of  an  alkaline  silicate  in  a  sealed  glass  tube, 
whereby  a  portion  of  the  silica  of  the  glass  is  dissolved.  When 
this  solution  is  cooled,  silicon  dioxide  is  deposited.  If  the  crys- 
tallisation takes  place  above  a  tem.perature  of  i8o*,  crystals  of 
quartz  are  obtained  ;  if  below  this  point,  it  deposits  crystals  of 
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ystals  HhH 


while  at  ordinary  tempcraiurcs  the  silica  is  < 
in  ihc  amorphous  condilion.     Much  larger  quarli  crystals 
been  obtained  by  the  prolonged  heating  to  250°  of  a 
aqueims  solution  of  silicic  acid  (obtained  by  dialysis)  i 
sealed  ^lass  flasks. 

Properties.— In    the   crystalline   condition   as   qunrit,    silicon 
dioxide  forms  priim:ttic  crystals  belonging  to  the  hexagonal  sjfs- 
tem,    terminating    in     hexa- 
gonal   pyramids.       Fijj.     <  S" 
represents  a  mass  of  quarii 

Tlie  purest  forms  of  rook 
crystal  arc  perfectly  coIi>ur- 
less,  havinga  specific  griivii' 
of  3.69,  and  are  sufficicnil 
hard  to  cut  glass.  When  ■ 
and  polished,  it  exhibits  .. 
brilliancy  not  far  inferior  In 
that  of  the  diamond,  and  is 
occasionally  siilisiiiuted  for 
this  gem. 

Quartz  is  often  founi , 
coloured  by  the  presence  ■ 
small  quantities  of  impurili-j  - . 
as  in  the  varieties  known  aj 
awtthyst  quartz  and  smaty 
qu.triz,  and  in  great  quanti- 
ties as  milkv  quarts. 

The  variety  of  silicon  ili 
oxide  known  as  tridyinii'  < 
.  certain  specimens  of  irachv  1 

rocks.    The  crystalline  form  of  tridymitc,  although  belonging   r. 

the  hexagonal  system,  is  distinct  from  thai  of  quart/,  and  the  crj'si.i.? 

arc  frequently  met  with  grown  together  in  the  manner  known  .i- 

twitt-cryilals. 
Amorphous  silicon  dioxide,  as  it  occurs  in  nature,  is  a  truisla- 

cent  substance  having  a  conchoidal  or  vitreous 

gravity  is  2.3.    As  artificially  prepared,  it  is 

whose  specific  gravity  is  3.2.     At  the  temperature  of  the  « 

hydrogen  flame,  silicon  dioxide  melts  to  a  transparent  glatB-jl 

substance  which  is  capable  of  being  drawn  o 


found  us  minute  crysLnls  i 
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resembling  spun  glass.  These  fibres  possess  many  valuable  pro- 
perties, and  are  employed  by  physicists  in  delicate  instruments  of 
precision. 

Silicon  dioxide  is  insoluble  in  water  and  in  all  acids  with  the 
exception  of  hydrofluoric  acid.  It  dissolves  in  alkalies,  and  the 
amorphous  powder  can  be  dissolved  in  a  boiling  solution  of  sodium 
carbonate.  Many  natural  hot  springs  contain  silica  held  in  solu- 
tion as  an  alkaline  silicate,  and  on  exposure  to  atmospheric  carbon 
dioxide  the  silicate  is  decomposed  with  the  deposition  of  silica  and 
the  reformation  of  an  alkaline  carbonate.  The  enormous  quantities 
of  siliceous  sinter  deposited  by  geysers  at  Rotomahama,  New  Zea- 
land, were  formed  in  this  way.  When  fused  with  sodium  carbo- 
nate, silicon  dioxide  is  converted  into  soluble  sodium  silicate — 

Si0.^4-2NajC03=2COj-»-Si(NaO)4. 

Silicic  Acids. — Silicon  dioxide  is  capable  of  forming  weak 
polyhasic  acids,  but  from  the  readiness  with  which  they  give  up 
water  it  is  probable  that  none  have  ever  been  obtained  in  a  state 
of  purity.  The  compound  represented  by  the  formula  Si(HO)4  is 
known  as  orthosilicic  acid,  and  is  tetrabasic.  Dy  the  loss  of  one 
molecule  of  water  it  forms  metasilicic  acid,  SiO(HO)2.  When 
hydrochloric  acid  is  added  to  a  solution  of  an  alkaline  silicate,  a 
gelatinous  precipitate  is  obtained,  which  consists  of  the  dibasic 
acid  SiO(HO)i,  or  HjSiOs— 

SiO(NaO),-|-2HCl  =  SiO(HO),+2NaCl. 

If,  on  the  other  hand,  the  solution  of  alkaline  silicate  be  added 
cautiously  to  an  excess  of  hydrochloric  acid,  the  silicic  acid  remains 
in  solution,  and  is  probably  present  as  orthosilicic  acid,  Si(H0)4,  or 
H4Si04— 

SiO(NaO).^-h2HCl4-H:jO  =  Si(HO)4-»-2NaCl. 

The  sodium  chloride  in  the  solution  may  be  removed  by  a  pro- 
cess of  separation  known  as  dialysis.  This  process,  discovered  by 
(iraham,  is  based  upon  a  property  belonging  to  certain  classes  of 
substances,  of  passing  when  in  solution  through  certain  mem- 
branes. The  mixture  is  placed  in  an  apparatus  resembhng  a 
small  tamlx)urine  (Fig.  151)  (made  by  stretching  either  parch- 
ment or  parchment  paper  over  a  wooden  hoop},  which  is  then 
floated  upon  water.     The  softium  chloride   passes   through   the 
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membrane,  while  the  silicic  acid  remains  behind  ii 

as  a  diluie  aqueous  solution.     Substances  in  solution  \ 

capable  of  readily  diflosing  thtougli  such  a  membrane  were  lermcd 

by  Graham  crys/allotiix /  while  others,   such  as   the  silicic  ."unci. 

which  either  do  not  pass  through  or  only  do  so  with  difficulty,  ,11. 

known  as  colloids. 

This  aqueous  solution  of  silicic  acid  may  be  concentrated  by 
boiling,  and  further  bj-  evaporation  in  vacuo  over  stilphui " 
mitil  it  contains  about  21  per  cent,  of  letrahasic  silicic  acid,  <3if% 
per  cent,  of  silicon  dioxide.      In   this   condition   it   is   a   tastel 
liquid,  having  a  feeble  acid  reaction.     It  cannot  be  preseTvcd,£ 


on  standing  it  solidifies  to  a  transparent  gelatinous 
has  approximately  the  composition  H„5iOj. 

SUioKtai.— Tlie  siliunles  conslilule  n  \nrge  dass  oF  importnnt  miaes 
niiny  of  whicli  axe  afFitrrmdy  complex  compoEilion.  Some  of  the  sim[ 
ot  these  silieaies  are  dctivtd  from  itie  dibasii;  and  letralxisie  acids  ain 
dcM^twd.  while  othen  may  lie  regarded  as  the  salts  or  a  number  of  h? 
IhelicftI  polyliasie  silidc  acids,  derived  &i>tn  mctasllidc  acid  by  the  g 
elimination  of  water.  Thus,  by  the  vrithdrawal  of  one  molecule  of  wi 
two  mol)«iili!s  of  melasilicii:  icicl,  an  add  known  as  dinlieic  acit' 
having  the  compositinn  S>iO,(HO)„  or  2SiO,.Hp.  or  K^i^f- 

aaO(  H01,= HaO  +  Si/>:JHO), 

1  iiioleculo  of  o 

2Si(HO)i=H.jO+Si^|HOI,.  t*  aSiOi|.3Hp,  or  H,Si,OT. 
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By  ihc  partial  withdrawal  of  water  from  three  molecules  of  silicic  acid  a 
number  of  hypt)thetical  trisilicic  acids  may  be  derived,  such  as — 

3Si02.2H.p  or  H^SijOs;  aSiO^.DHgO  or  HioSisOjj ; 
SSiO-^JHaO  or  H,4Si30,3. 

Silicates  derived  from  an  acid  containing  one  atom  of  silicon  are  termed 
inonosilicates ;  those  from  acids  with  two  or  three  atoms  of  silicon  respec- 
tively, disilicates  and  trisilicates. 

Thus,  the  mineral  peridote  is  a  monosilicate,  Mg2Si04. 

Serpentine  is  a  disilicate,  MgsSijO;,  and 

Felspar,  or  orthoclase^  is  a  trisilicate,  A1.2lCj(Si30„)2. 


TIN. 

Symbol,  Sn.     Atomic  weight  =  118. 5. 

Occurrence. — Tin  does  not  occur  in  nature  in  the  uncombined 
state*  It  is  met  with  chiefly  as  the  oxide  SnOg  in  the  mineral 
tin-stotie  or  cassiterite^\  which  is  found  in  immense  deposits, 
although  in  comparatively  few  localities.  It  is  usually  associated 
with  arsenical  ores,  copper  pyrites,  wolfram  (a  tungstate  of  iron 
and  manganese),  and  other  minerals.  Occasionally  it  is  met  with 
in  nodules  of  nearly  pure  oxide,  known  as  stream-tin. 

Mode  of  Formation.— Tin  is  obtained  exclusively  from  tin- 
stone; and  the  process  with  ordinary  ore  consists  of  three  opera- 
tions, namely — (i)  calcining,  (2)  washing,  (3)  reducing  or  smelting. 
If  the  ore  be  nearly  pure  tin-stone  it  may  be  at  once  smelted. 

The  finely  crushed  ore,  after  being  washed  from  earthy  matters, 
is  calcined  in  a  reverberatory  furnace.  The  sulphur  and  arsenic 
pass  away  as  sulphur  dioxide  and  arsenious  oxide,  and  are  led  into 
condensing  flues,  where  the  arsenic  deposits  and  is  collected.  The 
iron  and  copper  are  oxidised  to  oxide  and  sulphate.  This  calcina- 
tion is  sometimes  conducted  in  the  revolving  calciner,  shown  on 
page  486.  The  calcined  ore  is  next  washed,  whereby  copper 
sulphate  is  dissolved,  and  the  iron  oxide  and  other  light  matters 
are  removed.  The  purified  ore  is  then  mixed  with  powdered 
anthracite  and  smelted  in  a  reverberatory  furnace — 

Sn0..4-2C  =  2CO-f-Sn. 


*  Metallic  tin  has  been  found  in  Bolivia,  but  its  origin,  whether  natural  or 
arliticial,  is  doubtful. 

t  Cassiterides,  the  ancient  name  for  the  British  Isles,  is  derived  from  the 
fact  that  tin-stone  was  found  in  large  quantities  in  Devonshire  and  Cornwall. 
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The  metal  so  obtained  is  purified  by  first  heating-  it  upon  the 
hearth  of  a  similar  furnace  until  the  more  readily  fusible  tin  melts 
and  flows  away  from  the  associated  a'Uoys ;  and  afterwards  by 
stirring  into  the  molten  tin  so  separated  billets  of  g^reen  wood, 
which  results  in  the  separation  of  a  scum  or  dross  carrying  with  it 
the  impurities. 

Properties. — Tin  is  a  bright  white  metal,  which  retains  its 
lustre  unimpaired  in  the  air.  It  is  sufficiently  soft  to  be  cut  with  a 
knife,  but  is  harder  than  lead,  although  less  hard  than  zinc  At 
ordinary  temperatures  it  is  readily  beaten  out  into  leaf  (known  as 
tinfoil),  and  may  be  drawn  into  wire  ;  but  at  temperatures  a  little 
below  its  melting-point  (228**)  it  becomes  brittle  and  may  be 
powdered.  Tin  may  be  obtained  in  the  form  of  cr>'sta]s  by  melt- 
ing a  quantity  of  the  metal  in  a  crucible,  and  when  partially 
solidified  pouring  out  the  remaining  liquid  portion.  Its  crystalline 
character  is  also  seen  by  pouring  over  the  surface  of  a  block  of 
cast  tin  or  a  sheet  of  ordinary  tinned  iron  a  quantity  of  warm 
ililute  ajua  re^ia^  when  the  surface  of  the  metal  will  immediately 
exhibit  a  beautiful  crystalline  appearance. 

When  a  bar  of  tin  is  bent  it  emits  a  faint  crackling  sound,  and 
if  quickly  bent  backwards  and  forwards  two  or  three  times  the 
metal  becomes  perceptibly  hot  at  the  point  of  flexure.  These 
phenomena  are  due  to  the  friction  of  the  cr>'stalline  particles. 
Ordinary  tin  has  a  specific  gravity  about  7.2  ;  but  if  the  metal  be 
exposed  to  the  prolonged  influence  of  very  low  temperatures,  it 
loses  its  crystalline  character  and  appears  of  a  grey  colour.  In 
this  condition  its  specific  gravity  is  5.8  ;  and  it  is  believed  to  be 
an  allotropic  modification  of  the  element.  When  strongly  heated 
tin  takes  fire  and  burns,  forming  stannic  oxide,  SnOg.  It  is 
oxidised  by  both  sulphuric  and  nitric  acids  ;  thus,  when  heated 
with  strong  sulphuric  acid,  stannous  sulphate  and  sulphur  dioxide 
are  produced — 

Sn  +  2H.SO4  =  SnSO^  +  SOo-f-  2H«0. 

The  strongest  nitric  acid  (specific  gravity,  1.5)  is  without  action 
upon  tin.  Or(linar>'(onrcntratcd  nitric  acid  (specific  gravity,  1.24) 
attacks  it  with  violence,  forming  metastannic  arid  (page  640),  while 
in  <-old  dilute  acid  it  slowly  dissolves  with  the  production  of  stannous 
nitrate — 

4Sn  +  9IIN03  =  4Sn(N03),,-f-3II,,0  +  NH3. 
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The  ammonia  unites  with  another  portion  of  nitric  acid,  forming 
ammonium  nitrate.  Strong  hydrochloric  acid  converts  it  into 
stannous  chloride,  with  evolution  of  hydrogen. 

Tin  is  extensively  employed  in  the  process  of  tinning^  which 
consists  in  coating  other  metals  with  a  thin  film  of  tin  by  dipping 
into  a  ]>ath  of  the  molten  metal.  Ordinary  tin-plate  (or  in  common 
parlance,  "  tin,''  the  material  of  which  articles  generally  called 
"tins  "are  made)  is  thin  sheet-iron  which  has  been  thus  super- 
ficially coated  wiih  tin. 

Alloys  of  Tin.— Tin  enters  into  the  composition  of  a  large 
numlx:r  of  useful  alloys.  With  lead,  tin  will  mix  in  all  proportions, 
and  many  alloys  are  in  use  consisting  of  these  two  metals.  They 
are  all  white,  and  melt  at  temperatures  lower  than  that  of  either 
constituent. 

Pewter  contains  3  parts  of  tin  to  i  part  of  lead.  Common 
sohier  consists  of  i  part  tin  and  i  part  lead,  while  coarse  and  fine 
solder  contain  half  and  twice  this  proportion  of  tin  respectively. 
With  copper,  the  most  important  alloys  are  the  various  brasses 
and  bronzes.  Britannia  metal  contains  tin  84  parts,  antimony  10 
parts,  copper  4  parts,  and  bismuth  2  parts.  Tin  is  a  constituent 
also  of  the  so-c^Wnd  fusible  alloys  (see  Bismuth,  page  500). 

Oxides  of  Tin.— Two  oxides  are  definitely  known,  namely, 
stannous  oxide,  SnO,  and  stannic  oxide,  SnO,.  The  monoxide  is 
a  base,  yielding  the  stannous  salts;  the  dioxide  is  both  a  basic  and 
an  acidic  oxide. 

Stannous  Oxide,  SnO,  is  obtained  by  heating  stannous  oxalate 
out  of  contact  with  air,  thus — 

SnCj04=SnO  +  CO,  +  CO. 

When  sodium  carbonate  and  stannous  chloride  are  mixed,  carbon 
dioxide  is  evolved,  and  the  white  hydrated  oxide  is  precipitated, 

thus — 

2SnCl:i  +  2Naj,C03  +  HjO  =  4NaCl  4-  2COj  4-  2SnO,H,0. 

When  this  hydrated  oxide  is  boiled  with  insufficient  caustic 
alkali  to  dissolve  it,  the  undissolved  portion  is  dehydrated  and 
converted  into  the  black  monoxide. 

When  heated  in  the  air,  stannous  oxide  becomes  incand' 
burning,'  to  the  dioxide.     It  is  soluble  in  acids,  forming  8 
salts.     The  solution  of  stannous  oxide  in  sodium  hyd 
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used  by  the  calico-printer,  and  is  known  commercially  as  sodium 
stannite. 

Stannic  Oxide,  SnOj  {tin  dioxide\  is  the  chief  ore  of  tin.  It  is 
formed  where  the  metal  is  burnt  in  the  air,  but  is  most  readily  pre- 
pared by  igniting  metastannic  acid. 

It  is  a  white  amorphous  powder,  which  changes  to  yellow  and 
brown  on  heating,  but  returns  to  its  original  condition  on  cooling. 
When  strongly  heated  in  a  stream  of  gaseous  hydrochloric  acid,  it 
may  be  obtained  in  small  crystals,  identical  with  the  natural  com- 
pound. Stannic  oxide  is  unacted  upon  by  acids  or  alkalies,  but 
in  contact  with  fused  potassium  hydroxide  it  is  converted  into 
potassium  stannate. 

Stannic  Acid,  HjSnOj,  or  SnO^HgO,  is  obtained  in  a  hydrated 
condition,  as  a  white  gelatinous  precipitate,  when  calcium  car- 
bonate is  added  to  stannic  chloride  in  insufficient  quantity  for 
complete  precipitation.  When  the  precipitate  is  dried  in  vacuo, 
it  has  the  composition  HaSnOg.  The  equation  representing  its 
formation  may  be  expressed  thus — 

2CaC03-f-SnCl4  +  H,,0  =  2CaCl2  +  2CO.-f-H2Sn03. 

Stannic  acid  forms  a  number  of  salts,  of  which  sodium  and 
potassium  stannates  are  the  most  important — the  former  being 
extensively  employed  as  a  mordant  in  dyeing,  under  the  name  of 
prepan7Jg  salt.  The  salts  have  the  composition  Na2Sn03,3H20, 
and  K.,Sn03,3Hj,0  respectively,  and  are  both  soluble  in  water, 

Metastannic  Acid,  HjoSn-O,.,,  is  obtained  as  a  white  amorphous 
powder  when  tin  is  acted  upon  by  strong  nitric  acid  ;  the  reaction 
may  be  represented  thus — 

5Sn  +  20HN03=HioSn50i6  +  5Ho0  4-20N02. 

The  composition  of  the  compound  depends  upon  the  particular 
temperature  at  which  it  is  dried.  This  acid  is  sometimes  regarded 
as  a  polymer  of  stannic  acid,  which  may  be  expressed  by  the 
formula  5(HoSnO..,) ;  metastannic  acid,  however,  appears  to  be 
dibasic,  forming,'  salts  in  which  two  only  of  the  hydrogen  atoms 
are  replaced  ;  its  composition  may  therefore  be  conveniently  ex- 
pressed thus  - 

H2Sn03,4Sn02,4H.,0,  or  H2Sn.O„,4H20. 
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Potassium  and  sodium  metastannates  are  the  best  known  salts, 
their  formulje  being — 

K3Sn03,4Sn02,4HjO,  and  NaaSn03,4SnOjj,4H5jO. 

Stannous  Chloride,  SnCl,*  is  obtained  by  dissolving  tin  in 
hydrochloric  acid,  and  evaporating  the  solution,  when  monosym- 
metric  prisms  separate  out,  having  the  composition  SnClajSH-^O. 
When  dried  in  vacuo  they  become  anhydrous.  The  anhydrous 
chloride  is  directly  obtained  when  tin  filings  and  mercuric  chloride 
are  heated  together — 

HgCl24-Sn  =  SnCl2  +  Hg. 

The  reduced  mercury  volatilises  and  leaves  the  chloride,  which 
at  a  higher  temperature  may  be  distilled. 

Stannous  chloride  dissolves  in  a  small  quantity  of  water,  but 
with  an  excess  of  water,  or  on  exposure  to  the  air,  an  oxychloride 
(or  basic  chloride)  is  precipitated,  with  simultaneous  elimination  of 
hydrochloric  acid,  thus — 

2SnCl24-2HaO  =  SnCl2,SnO,Ha04-2HCl. 

The  composition  of  this  oxychloride  may  also  be  expressed  by 
either  of  the  following  formula; — 

SnjOCl^HgO,  or  2Sn(OH)Cl,  or  2(SnO,HCl). 

Stannous  chloride  is  a  powerful  reducing  agent,  as  it  readily 
combines  with  either  oxygen  or  chlorine  ;  thus,  when  added  to  a 
solution  of  mercuric  chloride,  the  latter  is  first  reduced  to  mer- 
curous  chloride,  which,  on  being  gently  warmed,  is  reduced  to 
metallic  mercury — 

2HgCl2  +  SnCl2=  HgjCl2+  SnCV 
HggCla  +  SnClj  =  2Hg  +  SnC^. 

By  the  absorption  of  oxygen,  the  above  oxychloride  and  stannic 
chloride  are  formed,  thus — 

3SnCl24-  O  4-  HjO  =  SnCl2,SnO,HjO  +  SnCl^. 

Stannous  chloride  boils  at  a  temperature  about  606°.  The 
density  of  the  vapour  only  agrees  with  the  formula  SnCIg  at  tem- 
peratures above  900*,  at  lower  temperatures  its  vapour-density 
approaches  more  nearly  to  that  required  by  the  formula  Sn2Cl4. 

2S 
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Stannic  Chloride,  SnCl4,  is  obtained  by  passing"  a  stream  of 
dry  chlorine  over  melted  tin  in  a  glass  retort,  or  by  heating  a 
mixture  of  powdered  tin  with  an  excess  of  mercuric  chloride,  when 
the  anhydrous  chloride  distils  over  as  a  colourless,  mobile,  fuming 
liquid,  which  boils  at  II3.9^  It  unites  with  water  with  evolution 
of  heat,  forming  hydrated  compounds  of  the  composition  SnCIi, 
3H2O  ;  SnCl4,5H20,  and  SnClf^SHjO.  The  compound  containing 
5H2O  is  employed  as  a  mordant,  and  is  conunercially  known  as 
oxymuriate  of  tin. 

Stannic  chloride  combines  with  alkaline  chlorides,  forming 
double  chlorides  (sometimes  called  chior(hstannaies\  such  as 
SnCl4,2NH4CI,  and  SnCl4,2KCl. 

Stannous  Sulphide,  SnS.— When  tinfoil  is  introduced  into 
sulphur  vapour  the  metal  takes  fire,  and  yields  a  leaden-coloured 
mass  of  stannous  sulphide. 

In  the  hydrated  condition  stannous  sulphide  is  precipitated  as 
a  brown  powder  when  sulphuretted  hydrogen  is  passed  through 
stannous  chloride  ;  on  drying,  this  becomes  black  and  anhydrous. 

Stiinnous  sulphide  dissolves  in  hot  concentrated  hydrochloric 
acid.  It  is  also  soluble  in  alkaline  polysulphides,  forming  thio- 
stannates,  thus — 

(i)    4SnS  +  K.S5  =  K2SnS3  +  3SnSa. 
(2)     SnSa  +  K2S  =^K2SnS3. 

On  the  addition  of  hydrochloric  acid  to  the  solution,  stannic 

sulphide  is  precipitated  — 

K.^SnS3  +  2HCl  =  2KCl  +  H2S-l-SnS2. 

Stannic  Sulphide,  SnS^. — This  compound  cannot  be  formed 
by  heating  tin  and  sulphur  alone,  as  the  heat  of  the  reaction  is 
greater  than  that  at  which  stannic  sulphide  is  resolved  into 
stannous  sulphide  and  sulphur.  It  is  obtained  by  heating  tin 
amalgam,  sulphur  and  ammonium  chloride,  in  a  retort.  The  action 
that  takes  place  is  a  complicated  one,  various  products  being 
volatilised,  and  stannic  sulphide  remaining  in  the  retort  as  a  mass 
of  golden-yellow  scales.  Amongst  the  products  exp)elled  during 
the  process  arc  ammonium  chloride,  sulphur,  mercuric  chloride, 
mercuric  sulphide,  and  sulphuretted  hydrogen.  The  ammonium 
chloride  present  probably  arts  by  the  formation  of  ammonium 
stannous  chloride,  as  an  intermediate  product,  which  is  then  dc- 
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composed  with  the  production  of  stannic  sulphide  and  ammonium 
stannic  chloride  thus — 

2SnCl2,2N  H4CI  +  2S  =  SnS,  4- NH4CI 4- SnCl4,2NH4Cl. 

Stannic  sulphide  is  a  golden  yellow  crystalline  substance  which, 
when  heated,  partially  sublimes  as  such,  but  is  for  the  most  part 
decomposed  into  the  monosulphide  and  free  sulphur.  It  is  largely 
used  as  a  pigment  known  as  mosaic  gold. 


LEAD. 

Ssrmbol,  Pb.    Atomic  weight =206.9. 

Occurrence. — Lead  has  been  found  in  small  quantities  in  the 
uncombined  state,  probably  reduced  from  its  ores  by  volcanic 
action. 

I  n  combination  with  sulphur  it  occurs  in  enormous  quantities  in 
the  mineral  galena^  PbS,  which  is  the  ore  from  which  the  metal  is 
chiefly  obtained.  Large  quantities  are  also  met  with  as  carbonate 
in  the  mineral  cerussite^  PbCOs.  Other  natural  compounds  are 
angUsite,  PbSO^  ;  lauarkiU,  PbS04,PbO  ;  uiatlockite,  PbClj,PbO ; 
Pyromorphite,  SPbsPjOajPbClj. 

Modes  of  Formation. — Lead  is  very  readily  reduced  from  its 
compounds,  and  on  this  account  was  one  of  the  earliest  known 
metals.     It  was  termed  by  the  Komsms plumbum  nigrum. 

Two  general  processes  are  made  use  of  for  the  reduction  of  lead 
from  its  ores  : — 

In  the  first  method  (known  as  the  reduction  process)  the  lead 
sulphide  is  reduced  by  double  decomposition  with  lead  oxide  and 
sulphate,  which  are  formed  by  roasting  the  ore. 

In  the  second  {caM^d  ih^  precipitation  process)  the  sulphide  is 
reduced  by  metallic  iron. 

(i.)  The  galena  is  introduced  into  a  reverbcratory  furnace,  where 
it  is  partially  roasted,  whereby  a  portion  of  the  sulphide  is  oxidised 
to  sulphate  and  oxide — 

PbS+20,»PbS04. 
2PbS + 30j = 2PbO  +  2SO2. 

The  temperature  is  then  raised,  when  the  oxide  and  sulphate 
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react  upon  a  further  porlion  of  the  sulphide,  with  ihe  ronna(i< 
metallic  lead  and  the  evolution  of  sulphur  dioxidc- 

PbSO, +PbS=2Pb+2SO^ 
2PbO  +  PbS-3Pb+SO.. 

This  method  of  lead  smelting  is  followed  when  the  c 
free  from  other  melalhc  sulphides.  The  revcrberatoty  furnace 
usually  employed  (known  as  the  Flintshire  furnace)  has  »  con- 
siderable depression,  or  well,   in   the  heartli,  where    tlie  metallic 


lead  collects  during  the  prnccs?,  and  from  which  il  is  drawn   ■' 
into  a  metal  pot. 

The  same  process  is  carried  out  in  Ihe  Norlh  of  England,  .!■ 
in  Scotland,  where  a  very  pure  lead  ore  is  ernploycd,  upon  op 
shallow  hearths  (known  as  the  ore  hearlh,  or  Scotch  keiirth\  buili 
under  a  brickwork  hood  or  chimney  in  such  a  manner  that  the 
fumes  of  lead  which  escape  are  caused  to  pass  into  condensing 
chambers.     Fig.  152  shows  such  a  hearth  in  section.     The  fire  i-' 
peat  and  coal  is  ur^ed  by  a  small  blast  admitted  from  behind.  :ii 
the  ore  is  added  in  small  quantities  at  a  time.    The  reduced  met  . 
sinking   10   the   bottom,   runs   under  the   tire-bar  and   overfiuA 
from  the  shallow  hearlh  down  a  channel  upon  an  inclined  stfi!  ■ 
GUr&ce  S  (called  the  work-stone),  into  an  iron  pot  P,  which  isgi-nri 
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heated  by  a  small  fire  to  enable  the  operator  to  ladle  the  metal  out 
into  moulds. 

('2.)  This  method  of  lead  smelting  depends  upon  the  fact  that  at 
a  hij(h  temperature  metallic  iron,  in  contact  with  lead  sulphide,  is 
converted  into  ferrous  sulphide,  with  separation  of  lead — 

PbS  +  Fe  =  FeS  +  Pb. 

The  ores  (either  in  the  raw  state,  or  after  previous  calcination) 
are  smelted  in  a  blast-furnace  with  coke  and  either  metallic  iron 
or  such  materials  as  will  yield  iron  under  the  furnace  conditions. 
The  sulphide  of  iron,  along  with  other  metallic  sulphides,  rises  to 
the  top  of  the  molten  lead  as  a  matt  or  regulus,  while  above  this  a 
fusible  slag  collects,  consisting  chiefly  of  silicate  of  iron. 

The  lead  first  obtained  by  any  of  these  processes  usually  con- 
tains antimony,  tin,  copper,  and  other  metals.  These  impurities 
are  removed  by  heating  the  metal  in  a  shallow,  flat-bottomed 
revcrberatory  furnace.  Most  of  the  admixed  metals  oxidise  before 
the  lead,  and  collect  in  the  dross  which  forms  upon  the  surface. 
This  process  is  known  as  the  softening  of  lead.  The  silver,  how- 
ever, which  is  always  present,  is  not  removed  by  this  operation, 
but  is  extracted  by  one  of  the  methods  for  desilverising  lead 
described  under  silver,  page  560. 

Properties. — Lead  is  a  soft,  bluish-white  metal,  which  when 
freshly  cut  exhibits  a  bright  metallic  lustre.  On  exposure  to  the 
air  its  bright  surface  becomes  quickly  covered  with  a  film  of  oxide. 
Lead  is  sufliciently  soft  to  be  scratched  with  the  finger  nail,  and 
it  leaves  a  black  streak  when  drawn  across  paper.  It  cannot  be 
hammered  into  foil  or  drawn  into  wire,  but  may  readily  be  obtained 
in  these  forms  by  rolling  and  pressing.  When  a  quantity  01 
melted  lead  is  allowed  partially  to  resolidify,  and  the  still  liquid 
portion  poured  off,  the  metal  is  obtained  in  the  form  of  octahedral 
crystals  belonging  to  the  regular  system.  Its  crystalline  nature  is 
also  readily  seen  by  submitting  a  solution  of  a  lead  salt  to  electro- 
lysis, when  the  metal  is  deposited  upon  the  negative  electrode  in 
beautiful  arborescent  crystals  with  a  brilliant  metallic  lustre  (Fig. 
153).  It  is  deposited  in  a  similar  form,  known  as  the  lead  tree ^  by 
suspending  a  strip  of  zinc  in  such  a  solution.  The  specific  gravity 
of  lead  is  11.3  ;  it  melts  at  330**  to  335',  and  becomes  covered  with 
a  black  film  of  the  suboxide,  PbjO  :  when  more  strongly  heated 
it  is  oxidised  to  the  monoxide,  PbO. 

Lead  is  rapidly  dissolved  by  nitric  acid,  but  hydrochloric  and 
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sulphuric  acids  arc  almosi  without  action  upon  it  in  the  cold.  ' 
concenlraled  hydrochloric  acid,  however,  slowly  converts  it  \ 
lead  chloride. 

Lead  is  unacted  upon  by  pure  water  in  the  absence  of  a 
in  contact  with  air  lead  hydroxide  is  formed,  which  is  stighlly 
soluble  in  water.  By  the  action  of  atmospheric  carbon  dioxide  upiw 
this  solution,  a  basic  carbonate  is  precipitated,  having  the  com- 
position SPbCOj,Pb(HO)y  The  solvent  action  of  water  upon  lead 
is  greatly  influenced  by  the  presence  of  various  dissolved  sub- 
ing  small  quantities  ul 


~jsS  salts,  notably  the  nitrate,  dissolves  lead  much  i 
rapidly,  and  the  same  is  the  case  with  water  charged  with  c 
dioxide  under  pressure.     In  the  latter  case  the  act' 
due  to  the  formation  of  a  soluhle  acid  carbonate. 

Water,  on  the  other  hand,  containing  small  quantilies  of  p 
phates  and  carbonates,  c^ipccially  the  acid  calcium  carbc 
:itinost  entirely  without  action  upon  lead.  Certain  drinkitig  » 
(such  as  the  Loch  Katrine  water),  which  on  account  of  their  p 
exert  a  solvent  action  upon  the  lead  pipes  through  which  tiM 
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conveyed,  are  rendered  incapable  of  acting  upon  the  lead  by  being 
first  filtered  through  chalk  or  animal  charcoal,  which  enables  them 
to  take  up  sufficient  calcium  carbonate  or  phosphate  to  prevent 
this  action. 

On  account  of  the  exhaustive  methods  of  desilverisation  to  which 
the  lead  is  subjected,  commercial  lead  possesses  a  degree  of  purity 
not  found  in  any  other  metal  as  commonly  met  with  ;  the  total 
amount  of  foreign  metals  present  in  ordinary  commercial  lead 
ranges  from  o.  i  to  aoo6  per  cent 

Lead  is  put  to  a  large  number  of  uses  in  the  arts,  on  account  of 
the  ease  with  which  it  can  be  worked,  and  its  power  of  resisting 
the  action  of  water  and  many  acids.  In  the  manufacture  of  lead 
pipes  advantage  is  taken  of  the  extreme  softness  of  the  metal  and 
the  readiness  with  which  it  can  be  pressed  into  shape  ;  the  lead, 
in  a  pasty  or  semi-molten  condition,  being  merely  squeezed,  or 
squirtid^  through  a  steel  die  by  hydraulic  pressure. 

Lead  bullets  are  also  made  by  squeezing  the  metal  into  moulds  ; 
for  as  lead  contracts  on  solidification,  bullets  made  by  casting 
always  contain  a  small  cavity,  which  (unless  it  happens  to  form 
exactly  at  the  point  of  centre  of  gravity)  renders  the  flight  of  the 
bullet  untrue. 

Oxides  of  Lead.— Five  oxides  of  lead  are  known,  having  the 
composition  Pb^O,  PbO,  Pb^Oj,,  Pb304,  PbO,^ 

Lead  Suboxide  {piumbous  oxide\  Pb^O,  is  the  black  compound 
which  is  formed  when  lead  is  heated  to  its  melting-point  It  is 
obtained  by  heating  plumbic  oxalate  to  about  300"  in  a  glass  tube 
or  retort — 

2PbC204= CO  +  3CO2+ PbjO. 

When  heated  in  the  air  it  burns,  forming  plumbic  oxide  ;  in  the 
absence  of  air  it  is  decomposed  into  the  same  oxide  and  metallic 
lead,  the  reactions  being — 

PbaO  +  0  =  2PbO. 
Pb,0  =  l^b  +  l'bO. 

In  contact  with  acids  it  decomposes  in  the  same  manner,  lead 
being  deposited,  and  the  plumbic  oxide  dissolving  in  the  acid  to 
form  a  plumbic  salt. 

Plumbic  Oxide  {lead  monoxide^  litharge^  massicoi)^  PbO,  is 
formed  when  lead  is  strongly  heated  in  the  air^  and  is  obtained  in 
large  quantities  in  the  cupellation  of  argentiferous  lead.     It  nv 
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be  ohtained  by  healing  lead  niiraie  or  carbonate,  and  it  is  produced 
when  any  of  the  other  oxides  are  healed. 

Plumbic  oicide  is  a  yellowish  powder,  known  CDmmercially  a* 
massicot,  which,  when  melted  and  resolirfilied,  is  obtained  as  a 
ciystalline  mass,  known  as  litharge.  Plumbic  oxide  is  very  slightly 
soluble  in  water,  1  part  dissolving  in  7000  parts  of  water  ;  this 
solution  is  alkaline,  and  on  exposure  to  the  air  absorbs  carboD 
dioxide,  forming  an  insoluble  basic  carbonate.  Plumbic  oxide  is 
dissolved  by  acids,  with  formation  of  the  salts  of  lead ;  it  also 
dissolves  in  warm  potassium  or  sodium  hydroxide. 

This  oxide  forms  two  hydrated  compounds,  having  the  com- 
position 2PbO,H,0  and  3PbO,KjO.  The  former  is  obtained  as  a 
white  precipitate  when  ammonia  is  added  to  a  solution  of  lead 
acetate ;  the  second,  by  the  action  of  ammonia  on  basic  l^al 
acetate  at  2j'. 

Lead  SesqulOXide,  PbjOjjia  obtained  as  an  orangc-coloil^ 
precipitate  by  addiny  sodium  hypochtorite  to  a  solution  of  plui 
oxide  in  potassium  hydroxide.  Heal  decomposes  it  i: 
and  plumbic  oxide.  Acids  convert  it  into  the  monoxide  and 
dioxide,  the  former  dissolving  and  yielding  a  salt  of  lead.  This 
oxide  may  be  regarded  as  a  compound  of  two  oxides,  PbO,PbOj. 
Triplumbic  Tetroxide  {red  lead,  minium),  PbjO,,  is  obtained 
loxide,  is  subjected  lo  prolonged 
I  temperature  not  above  450°.  At 
gives  up  oxygen.  It  is  a  scarlet 
newhat  in  colour,  according  lo  its 
mode  of  preparation.  Dilute  acids  convert  it  into  PbO,  and 
2PbO,  the  latter  oxide  dissolving  to  yield  lead  salts.  With  strong 
hydrochloiic  acid  and  sulphuric  acid  the  molecule  of  1 
dioxide  is  acted  upon,  with  evolution  of  chlorine  and  oxy 
respectively — 

PbjO,+eHCl=4H,0-l-3Pl)Clj+Cl3. 
Pb30,  +  3H,SO,=3HaO+3PbSO,  +  0. 

When  red  lead  is  added  in  small  quantities  at  a  time  to  ] 
glacial  acetic  acid,  it  dissolves  entirely  in  the  acid,  and  the  liJ 
contains  lead  tetracetate— a  salt  which  is  of  interest  as  being  OM 
the  faw  salts  known  containing  telravalent  lead  (sec  page  6a8).  [ 
cooling,  the  tetracetate  separates  out  as  pale  green ish-whit< 
The  salt  is  immediately  decomposed  by  water;  if  therefope'| 


when   lead    rarbonai 
heating  in  contact  witl 
higher  temperatures  i 
crystalline  powder,  varying  s 
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acid  solution  of  it  be  poured  into  water,  a  brown  precipitate  of 
lead  peroxide  is  thrown  down,  and  acetic  acid  regenerated — 

Pb(C2H30i)4  +  2HjO  =  PbOj+4HC2H30^ 

Red  lead*  is  employed  as  a  pigment,  and  also  in  the  manu- 
facture of  flint  glass. 

Plumbic  Peroxide  (lead  dioxide),  PbOj,  may  be  obtained  by 
the  action  of  dilute  nitric  acid  upon  red  lead — 

Pb304  (or  Pb02,2PbO)  +  4HN03=PbOa+2Pb(N03)j  +  2H,0. 

Or  it  may  be  prepared  by  the  action  of  oxidising  agents  upon 
the  monoxide.  Thus,  when  chlorine  is  passed  through  an  alkaline 
solution,  in  which  the  monoxide  is  suspended,  or  when  bleaching- 
powder  is  added  to  a  solution  of  lead  acetate,  the  dioxide  is 
produced. 

The  dark-brown  deposit  which  forms  upon  the  positive  electrode 
when  a  solution  of  a  lead  salt  is  electrolysed,  also  consists  of  the 
dioxide. 

Plumbic  peroxide  is  a  brown  or  puce-coloured  powder.  It  is  a 
powerful  oxidising  substance,  and  when  gently  rubbed  with  flowers 
of  sulphur  in  a  wann  mortar  the  mass  suddenly  inflames.  When 
a  stream  of  sulphur  dioxide  is  passed  over  the  peroxide  in  a  tube, 
the  two  compounds  unite  to  form  lead  sulphate,  the  mass  becom- 
ing inaindescent.  '  Nitric  acid  is  without  action  upon  it,  but 
hydrochloric  and  sulphuric  acids  act  upon  it  in  the  same  manner 
as  upon  red  lead.  When  strongly  heated  the  peroxide  gives  up 
oxygen,  and  is  converted  into  the  monoxide. 

When  plumbic  peroxide  is  boiled  with  strong  aqueous  potassium 
hydroxide  it  dissolves,  and  the  solution  deposits  crystals  of  potas- 
sium plumbate,  K2Pb03,3H20.  This  compound  corresponds  with 
potassium  stannate,  K2Sn03,3H20,  and  its  existence  shows  that 
lead  possesses,  although  to  a  very  feeble  extent,  the  acidic  properties 
exhibited  by  the  other  members  of  the  same  femily  of  elements. 

Plumbic  Chloride  {lead  dichloride\  PbCl2,  is  obtained  as  a 
white  curdy  precipitate  when  hydrochloric  acid,  or  a  soluble 
chloride,  is  added  to  a  solution  of  a  lead  salt.     It  is  also  produced 

*  Commercial  red  lead  varies  considerably  in  composition,  and  although  it 
h;is  been  shown  that  a  definite  compound  exists  of  the  composition  Pb304 
(which  may  also  be  expressed  by  the  formula  2PbO,PbOa),  it  is  still  uncer- 
tain whether  there  are  not  other  compounds  consisting  of  these  two  oxides 
united  in  different  proportions. 
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by  the  action  of  boiling  hydrochloric  acid  upon  lead  in  the 
sence  of  air-  It  is  best  prepared  by  dissolving  lead  oxi< 
carbonate  in  hot  hydrochloric  acid,  when  the  lead  chloride  i 
rates  out  on  cooling  in  long  white,  lustrous,  needle>sha]:>ed  cry 
belonging  to  the  rhombic  system.  Lead  chloride  is  solub 
boiling  water  to  the  extent  of  about  4  parts  in  100  parts  of  w 
On  cooling  the  solution  the  greater  part  of  the  salt  separates 
and  at  o**  the  liquid  contains  0.8  part  in  solution.  Tlie  pres 
of  hydrochloric  acid  and  soluble  chlorides  diminishes  tlie 
bility  of  lead  chloride. 

When  heated  in  contact  with  air  it  is  converted  into  an 
chloride,  of  the  composition  PbjOClg,  or  PbCljjjPbO,  correspor 
with  the  natural  compound  matlockite.  This  compound,  ii 
hydrated  condition,  Pb20Cl2,H20,  is  prepared  on  a  large  sea 
the  addition  of  lime-water  to  a  solution  of  lead  chloride,  a 
employed  as  a  white  pigment,  known  as  Pattinsotis  *white  lea 

Cassel  yellow  is  an  oxychloride  of  lead  of  the  compK)! 
PbCl^jVPbO,  obtained  by  heating  lead  oxide  and  ammo 
chloride. 

Lead  Tetrachloride  {lead perchloride),  ^hQ\. — When  plu 
peroxide  is  dissolved  in  cold  concentrated  hydrochloric  ac 
yellow  liquid  is  obtained,  which,  on  warming,  yields  chic 
with  precipitation  of  lead  dichloride.  This  liquid  contains 
tetrachloride  of  lead  in  solution.  •  ' 

When  lead  dichloride  is  suspended  in  hydrochloric  acid 
chlorine  is  passed  through  the  mixture,  a  solution  of  lead  1 
chloride  is  obtained  ;  and  on  the  addition  of  ammonium  chic 
ammonium  plumbic  chloride,  PbCl4,2NH4Cl  (correspondin 
ammonium  stannic  chloride),  separates  out.  When  this  comp 
is  acted  upon  with  strong  sulphuric  acid,  in  the  cold,  lead  t 
chloride  separates  out  as  a  yellow  oily  liquid. 

Lead  tetrachloride  is  a  yellow,  highly- refracting,  fuming  li 
which  decomposes  in  contact  with  moisture  into  lead  dxchl 
and  chlorine.  It  may  be  preserved  beneath  concentrated 
phuric  acid.  With  small  quantities  of  water  it  forms  a  hydi 
compound,  but  excess  of  water  decomposes  it  into  hydroch 
acid  and  lead  peroxide  — 

Pba4  +  2H,0  =  PbO,-f4HCI. 

WTien  heated  with  strong  sulphuric  acid  to  about  105°,  it  suddt 
decomposes  with  explosion. 


Lead  Ctwbonate 


6s  I 


Bd  Nltraie,  rb(N03)^  is  obtained  by  dissolvins  litharge  in 
;  acid.  The  snll  is  deposited  frnm  the  solution  in  the  fomi  of 
»r  oclahcdral  crystals.  Il  is  soluble  in  waier  lo  the  cxlenl  of 
pts  in  loo  pans  of  water  at  ihe  ordinary  temperature.  When 
td  it  evolves  nitrogen  peroxide  and  oxygen,  leaving  plumbic 
Kpasc  24J). 

\  boiling  an  aqueous  solution  of  Intd  nitrate  with  lead  oiide^ 
Bller  dissolves,  and  ihe  solution  on  cooling  deposits  crystals 
tesic  nitrate,  rb(NO,)HO  or  PI){NO,)pPbO.H,0.  By  the 
Ion  of  ammonia  to  a  solution  of  lead  nitrate,  other  basic 
fn  are  obtnined,  which  inay  be  regarded  as  consisting  of 
Kwnds  of  PKNOjinO  with  I'bO,  or  of  I'b<NO,),  with  PbO 
M|0  in  viirying  proportions, 

lul  Carbonate,  I'bCO,,  is  obtained  at>  a  white  crystalltn 
)er  by  the  addition 
Bun  on  iu  in  scsqui  car- 
te to  a  solution  of 
irilraic.  Il  occurs  in 
form  of  transparent 
bic  crystals  in  the 
ral  o7n4ssiU,  isonioi- 
i     with      aiTngoniit. 

^carbonate  is  almost 
^le  in  water,  but  is 
idnbly  dissolved  in 
rcharged  with  carbon  [f,Q  ,,._ 

jfe.     When  sotlium  or 

riuni  carbonate  is  added  lo  a  solution  of  lead  nilraie,  basic 
|Bai«  of  lead  arc  precipitated,  varying  in  composition  with  the 
ittons  of  temperature.  The  most  important  of  the  basic  car- 
JH  is  white  lead,  2I*bCO»Pb(HO),.  This  compound  is  manu- 
red on  a  large  scale  by  several  processes  for  use  as  a  pigment. 
Uest  process,  and  that  which  yields  the  best  product,  is  known 
B  Dutch  melkoii.     It  depends  upon  the  action  of  acetic  acid 

metallic  lead,  in  the  presence  of  moist  air  and  carbon 
1b.  The  lead,  cast  into  rough  gratings  in  order  lo  expose 
|A  surface,  is  placed  in  earthenware  pots,  as  shoun  in  Fig. 

A  small  quantity  of  dilute  acetic  acid  (in  the  old  Dutch 

IS,  vinegar)  is  placed  in  the  jmts,  and  the  gratings  of  lead, 

t  upon  the  shoulder  of  the  pot,  are  piled  one  upon  the 

These  pots  are  then  placed  upon  a  thick  bed  of  spent  tan- 


d  at>  a  white  crystalli 

f 
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by  the  action  of  boiling  hydrochloric  acid  upon  lead  in  the  pre- 
sence of  air.  It  is  best  prepared  by  dissolving  lead  oxide  or 
carbonate  in  hot  hydrochloric  acid,  when  the  lead  chloride  sepa- 
rates out  on  cooling  in  long  white,  lustrous,  needle-shaped  crystals 
belonging  to  the  rhombic  system.  Lead  chloride  is  soluble  in 
boiling  water  to  the  extent  of  about  4  parts  in  100  parts  of  water. 
On  cooling  the  solution  the  greater  part  of  the  salt  separates  out, 
and  at  o**  the  liquid  contains  0.8  part  in  solution.  The  presence 
of  hydrochloric  acid  and  soluble  chlorides  diminishes  the  solu- 
bility of  lead  chloride. 

When  heated  in  contact  with  air  it  is  converted  into  an  oxy- 
chloride,  of  the  composition  Pb20Cl2,  or  PbCl2,PbO,  corresponding 
with  the  natural  compound  matlockite.  This  compound,  in  the 
hydrated  condition,  Pb20Cl2,H20,  is  prepared  on  a  large  scale  by 
the  addition  of  lime-water  to  a  solution  of  lead  chloride,  and  is 
employed  as  a  white  pigment,  known  as  Pattinsotis  white  lead, 

Cassel  yelicnv  is  an  oxychloride  of  lead  of  the  composition 
PbCl2,7PbO,  obtained  by  heating  lead  oxide  and  ammonium 
chloride. 

Lead  Tetrachloride  {lead  pcrMoride),  VhC\.—V^henp\umh\c 
peroxide  is  dissolved  in  cold  concentrated  hydrochloric  acid,  a 
yellow  liquid  is  obtained,  which,  on  warming,  yields  chlorine, 
with  precipitation  of  lead  dichloride.  This  liquid  contains  the 
ictrachloride  of  lead  in  solution.  •  ' 

When  lead  dichloride  is  suspended  in  hydrochloric  acid,  and 
chlorine  is  passed  through  the  mixture,  a  solution  of  lead  tetra- 
chloride is  obtained  ;  and  on  the  addition  of  ammonium  chloride, 
ammonium  plumbic  chloride,  PbCl4,2NH4Cl  (corresponding  to 
ammonium  stannic  chloride),  separates  out.  When  this  compound 
is  acted  upon  with  strong  sulphuric  acid,  in  the  cold,  lead  tetra- 
chloride separates  out  as  a  yellow  oily  liquid. 

Lead  tetrachloride  is  a  yellow,  highly-refracting,  fuming  liquid, 
which  decomposes  in  contact  with  moisture  into  lead  dichloride 
and  chlorine.  It  may  be  preserved  beneath  concentrated  sul- 
phuric acid.  With  small  quantities  of  water  it  forms  a  hydrated 
compound,  but  excess  of  water  decomposes  it  into  hydrochloric 
acid  and  lead  peroxide  — 

PbCl4  +  2H.,0  =  PbO..-f4HCl. 

When  heated  with  strong  sulphuric  acid  to  about  105%  it  suddenly 
tlecomposes  with  explosion. 


Lead  Carbonate 


1  Nitrate,  rKNOj)^  is  obuincd  by  dissnlvjng  Uihitrge  in 
nitric  acid  The  salt  is  deposited  from  the  solution  \\\  the  fomi  a\ 
regular  octahedral  uysials,  It  is  soluble  in  wnirr  In  the  extent  of 
JO  p'lrls  in  looparts  of  water  at  the  ordinaiy  lempcfaturc.  When 
healed  it  evolves  nitrogen  peroxide  and  oxygen,  leaving  plumbic 
oxide  (pane  t\2). 

On  boiling  an  aqueous  solution  of  lead  nitrate  with  lead  oxide, 
the  laitcr  dissolves,  and  the  solution  on  cooling  deposits  crystals 
of  a  basic  nitrate.  Pb(NO,|HO  or  Pb(NOaVPbCf,HtO.  By  the 
addition  of  unrnionia  to  a  sohiiinn  of  lead  nitrate,  other  basic 
nitrates  are  obtained,  which  may  be  regarded  as  consisting  of 
compminds  of  I'b(NOs)HO  wiUi  I'bO,  or  of  Pb(NOj)j  with  PbO 
and  HjO  in  varying  proportions. 

Lead  Carbonate,  PbCO,,  'va  obtained  as  a  white  crystjtlline 


^    pi) 

Kite 


1 


ponder  by  the  addition 
iif  ammonium  sesquicar- 
bonate  tu  a  solution  of 
lead  nitrate,  ti  occurs  in 
the  form  of  transparent 
rhombic  cr>'sials  in  llit: 
mincral  i-rusale,  isomor- 
phous  H-ith  arragoniic. 
J.ead  carbonate  is  almost 
isoluble  in  water,  Init  is 
appreciably    dissolved     in 

T  charged  with  carbon  I^,^  ,j,. 

idc.  When  sodium  or 
potassium  carbonate  is  added  lo  a  solution  of  lead  nitmte,  basic 
carbonatcsof  lead  are  precipitated,  varyinj;  in  composition  with  the 
conditions  of  temperature.  The  moiil  important  of  the  basic  car- 
bonates is  u'AiU  lead,  2PbC0,Pb(HO),.  1'his  compound  is  manu- 
fiKtured  on  a  large  scale  by  several  processes  for  use  as  a  pigmerni. 
The  oldest  process,  and  that  which  yields  the  best  product,  is  known 
as  the  Dutch  method.  It  depends  upon  the  action  of  acetic  acid 
upon  ineCallic  lead,  in  the  presenct^  of  moist  air  and  carbon 
dioxide.  The  lead,  cast  into  rough  gratings  in  order  to  expose 
a  large  surface,  is  placed  in  earthenware  pots,  as  shown  in  Fig. 
154.  A  small  quantity  of  dilute  acetic  acid  (in  the  old  Dutch 
process,  vinegar)  is  placed  in  the  pots,  and  the  gratings  of  lead, 
which  rest  upon  the  shoulder  of  the  pot,  arc  piled  one  upon  the 
other.     These  pots  are  then  placed  upon  a  thick  bed  of  spent  tan- 
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bark  (in  the  original  method,  dun^\  upon  the  floor  of  a  shed,  and 
covered  with  planks.  Upon  these  another  layer  of  tan-bark  is 
spread,  and  a  second  row  of  pots  similarly  charged.  In  this 
manner  the  layers  of  pots  are  built  up  to  the  roof  of  the  shed,  and 
the  whole  allowed  to  remain  for  about  three  months.  Such  a  stack 
will  contain  many  tons  of  lead,  and  about  65  gallons  of  dilute  acetic 
acid  to  the  ton  of  metal.  The  acid  is  gradually  vaporised  by  the 
heat  developed  by  the  fermenting  tan-bark,  which  results  first  in 
the  formation  of  a  basic  lead  acetate — 

2  HCCgHaOa)  +  2Pb  +  O.^  =  Pb(C2H302)2,Pb(H  O),. 

This  basic  acetate  is  then  acted  upon  by  the  carbon  dioxide 
evolved  during  the  fermentation,  with  the  production  of  a  mbcture 
of  normal  lead  acetate  and  basic  lead  carbonate,  thus — 

3[Pb(ail30.Ja,Pb{HO)2}-f2COa=3Pb{CaH302>j+2PbC08,Pb(HO)2  +  2H^. 

And  the  lead  acetate,  in  the  presence  of  air  and  moisture,  reacts 
upon  a  further  portion  of  the  metal,  regenerating  the  basic  acetate, 
which  is  once  more  decomposed  by  carbon  dioxide — 

Pb(C2H30.)a+Pb-fO+H,.0  =  {Pb(C5jH30jj)2,Pb(HO)2}. 

In  this  cycle  of  reactions,  therefore,  the  acetic  acid  acts  as  a 
carrier,  a  comparatively  small  quantity  being  able  to  convert  an 
indefinite  amount  of  lead  into  white  lead. 

White  lead  is  also  prepared  by  passing  carbon  dioxide  into  a 
solution  of  the  basic  acetate,  obtained  by  boiling  plumbic  oxide 
(litharge)  with  lead  acetate.  The  product,  however,  is  not  so 
opaque  as  that  obtained  by  the  former  method,  and  is  therefore 
not  so  valuable  as  a  pigment.  (This  method  is  known  as  the 
Clic/iy,  or  Thenard's  process.) 

Mil  net's  process  consists  in  grinding  together  litharge,  sodium 
chloride,  and  water,  whereby  a  mixture  of  an  oxychloride  of  lead 
and  sodium  hydroxide  is  formed — 

4PbO  +  2NaCl  +  r)H,,0  =  PbCL,3PbO,4H.p  +  2NaHO, 

and  then  passing  carbon  dioxide  into  the  mixture,  which  converts 
it  into  white  /ead  and  sodium  chloride,  thus — 

3[PbCl.^,3PbO,4H.O]  +«NaHO  +  800^  =  ONaCl  + 
4[2Pbc63,Pb(HO).>]  +  llH.p. 
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White  lead  is  a  heavy,  amorphous  powder,  whose  value  as  a 
pigment,  or  body  colour,  depends  upon  its  opacity  and  density. 
Although  this  compound  labours  under  the  disadvantages  of  being 
extremely  poisonous,  and  of  becoming  blackened  by  sulphuretted 
hydrogen,  no  substitute  for  it  has  yet  been  found  which  possesses 
the  same  "  body  "  or  covering  power. 

Lead  Sulphate,  PbS04.— The  mineral  anglesiie^  PbSOi,  occurs 
in  the  form  of  rhombic  -crystals,  isomorphous  with  strontium  and 
barium  sulphates.  Lead  sulphate  is  obtained  as  a  white  powder, 
by  precipitating  a  lead  salt  with  sulphuric  acid  or  a  soluble 
sulphate.  It  is  soluble  in  water  only  to  an  extremely  slight  extent, 
and  still  less  in  dilute  sulphuric  acid,  but  strong  sulphuric  acid 
dissolves  it  readily.  It  also  dissolves  in  potassium  hydroxide,  and 
in  many  ammoniacal  salts,  notably  the  acetate,  and  in  sodium 
thiosulphatc. 

An  acid  sulphate,  of  the  composition  PbS04,H2S04,HjO,  is 
obtained  by  boiling  the  normal  sulphate  with  sulphuric  acid  ;  and 
a  basic  sulphate,  PbS04,PbO,  is  formed  by  the  action  of  ammonia 
upon  the  normal  salt. 

Lead  Sulphide,  PbS. — The  natural  sulphide,  galena^  is  found 
in  the  form  of  cubical  crystals,  possessing  very  much  the  colour 
and  the  metallic  lustre  of  freshly  cut  lead.  It  is  artificially  formed 
when  lead  is  heated  in  sulphur  vapour,  or  when  sulphuretted 
hydrogen  is  passed  through  a  solution  of  a  lead  salt. 

When  heated  in  vacuo,  or  in  a  stream  of  an  inert  gas,  lead 
sulphide  melts,  and  sublimes  in  the  form  of  small  cubes.*  When 
heated  with  free  access  of  air  it  is  converted  into  lead  sulphate. 

Boiling  dilute  nitric  acid  converts  lead  sulphide  into  the  nitrate, 
with  separation  of  sulphur ;  but  strong  nitric  acid  oxidises  it  into 
lead  sulphate.  It  is  decomposed  by  hot  concentrated  hydrochloric 
acid,  with  evolution  of  sulphuretted  hydrogen. 

*  From  ihe  readiness  with  which  lead  sulphide  volatilises  when  heated  in 
a  stream  of  sulphur  dioxide,  Hannay  concludes  {Proc.  Chem.  Soc.^  May  1894) 
that  the  two  substances  unite  to  form  a  volatile  compound,  PbS.SOj,  or 
PbS.20.2.  which,  when  its  temperature  falls,  again  breaks  up  into  lead  sulphide 
and  sulphur  dioxide.  He  stated  that  when  sulphur  dioxide  is  generated  in 
intimate  contact  with  galena,  as  when  a  stream  of  air  is  passed  through  the 
molten  substance,  one  half  of  the  lead  is  reduced  and  one  half  volatilises  with 
the  gas,  according  to  the  equation  2PbS+0.j=Pb+PbS,S02.  But  the  recent 
ex|>.'riments  of  Smith  and  Jenkins  {Proc.  Chem.  Soc,  June  1897)  show  ^ha' 
this  definite  ratio  between  the  volatilised  and  reduced  lead  does  not  obtain ; 
and  they  find  no  evidence  of  the  exibtencc  of  the  compound  PbSjOj. 
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When  sulphuretted  hydrogen  is  passed  into  a  solution  of  lead 
chloride,  the  precipitate  which  forms  is  first  yeliow,  then  reddish- 
brown,  and  finally  black  ;  the  yellow  and  red  precipitates  are  com- 
pounds of  lead  chloride  and  lead  sulphide,  termed  sulphocfalorides, 
having  the  composition,  PbS.PbClj,  and  SPbSjPbClf 

The  compounds  of  lead  are  powerful  poisons,  and  when  con- 
tinuously taken  into  the  system  in  small  quantities,  tbey  act  as 
cumuk.tive  poisons.  Painters  and  others  who  constantly  handle 
white  lead  are  liable  to  suffer  from  chronic  lead  poisoning'. 


CHAPTER  X 


ELEMENTS  OP  GROUP   V.  (PAMILY  A.) 

Vanadium,  V  =  5i.2;   Niobium^  Nb  =  94;    Tantalum^  Ta  =  i83. 

The  three  rare  metals  comprising  this  family  are  closely  related  to  each 
other,  and  also  to  the  elements  of  family  B  of  the  same  group,  namely,  the 
nitrogen  and  phosphorus  series. 

Vanadium  occiirs  in  a  few  rare  minerals,  as  vanadite,  Z^\>j^O^,Y\3C\^ 
(the  vanadium  analogue  of  pyromorphite) ;  pucherite,  BiV04 1  mottramite, 
(PbCu)3(V04)2,2(PbCu)(HO)2.  Small  quantities  also  occur  in  certain  iron 
ores,  the  vanadium  ultimately  finding  its  way  into  the  Bessemer  slag,  in 
which  it  has  been  found  concentrated  to  the  extent  of  1.5  per  cent 

Metallic  vanadium  was  first  isolated  by  Roscoe  (1867),  although  its  existence 
was  previously  discovered  by  Del  Rio  (1801).  The  metal  is  extremely  difficult 
to  obtain,  as  at  a  red  heat  it  combines  with  oxygen  with  great  readiness, 
yielding  the  pentoxide  V3O5,  and  also  with  nitrogen,  forming  the  nitride  VN. 
The  element  is  prepared  by  heating  the  dichloride  in  a  stream  of  perfectly 
pure  hydrogen — 

VCla+Ha=2HCl  +  V. 

Vanadium  is  unacted  upon  by  air  at  ordinary  temperatures,  but  when 
heated  burns  brilliantly  to  the  pentoxide. 

Niobium  and  tantalum  are  found  associated  together  in  the  rare  mineral 
tantaliU  or  columbite.  The  first  to  be  discovered  was  tantalum  (Matchett, 
1801),  and  was  originally  named  columbium;  and  the  name  niobium  (from 
Niobe,  the  daughter  of  Tantalus)  was  given  to  the  allied  element  by  Rose 
(1846).  Niobium  is  obtained  by  heating  the  trichloride,  NbCls.  in  a  stream 
of  hydrogen. 

Vanadium  forms  five  oxides,  corresponding  to  the  oxides  of  nitrogen, 
while  three  oxides  of  niobium  and  two  of  tantalum  are  known  : — 


v.p 


VaOa(or  VO)  ;  VaO,  ;  V.p4(or  VQ,)  ;  \^0^ 
NbO        ;     —     ;        NbO.^  ;  NbaO,. 

;     —     ;        TaOa  :  Ta-P,. 


The  pentoxides  are  obtained  when  the  metals  are  burned  in  air  or  oxygen. 
They  give  rise  respectively  to  vanadates,  niobates,  and  tantalates,  correspond- 
ing to  nitrates  and  metaphosphates,  thus — 

Sodium  nitrate,  NaNOg.  Sodium  metaniobate,  NaNl)03. 

Sodium  metaphosphnte,  NaPO).        Sodium  metatantalate,  NaTaO). 
Sodium  metavanadate,  NaVO^. 

«5S 
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The  doser  relation  of  these  elements  to  phosphorus  than  to  nitrogen  is 
in  the  formation  of  salts  derived  from  ortho-  and  pyro-ocids,  oormponding 
to  orthophosphates  and  pyrophosphates.  The  naturally  occurring  vmnadim 
compounds  above  mentioned  are  vanadates  derived  from  the  hjpotbeiiaJ 
orthovanadic  add,  H3VO4.  Both  metavanadic  acid,  HVO^  and  pyrovmnadk 
acid,  H4V2O7.  have  been  obtained.  Unlike  the  phosphorus  compounds,  the 
meiavanadates  are  the  most  stable  of  the  three  classes  of  salts,  and  the 
orthovanadates  the  least  stable.  The  most  important  of  these  salts  is  the 
ammonium  metavanadate,  NH4V0^,  which  is  prepared  by  dissolving  the 
pentoxide  in  ammonia.  This  salt  is  insoluble  in  ammcmium  chloride,  and 
use  is  made  of  this  property  in  the  preparation  of  vanadium  oompoonds 
from  the  mineral  moitramite.  When  ammonium  metavanadate  is  ignited, 
vanadium  pentoxide  is  obtained — 

2NH4VO,= V2O5  +  2NH3+ HjO. 

Vanadium  acts  also  as  a  feeble  base.  Thus,  when  the  tetrozide,  or  hypo- 
vanadic  oxide,  is  dissolved  in  sulphuric  acid,  hypovanadic  sulphate,  V^0^S04V 
is  formed.    The  solution  of  this  salt  possesses  a  rich  blue  colour. 

Vanadium  forms  three  chlorides,  having  the  composition — 

VCla  (or  V^l^) ;  VClg  (or  VgCl^) ;  VCI4. 

Niobium  gives  a  trichloride,  NbClj,  and  pentachloride,  NbQe,  while  only 
the  f)entachloride  of  tantalum  is  known,  TaClg. 

Vanadium  forms  a  number  of  compounds  with  oxygen  and  chlorine.  Thus, 
when  vanadium  tetrachloride  is  acted  upon  by  water,  it  yields  hjrpovanadic 
chloride,  V2O4CIJ,  which  dissolves  in  the  water,  giving  a  blue  solution. 

Vanadium  oxychloride,  or  vanadyl  trichloride,  VOCI9,  corresponds  to  phos- 
phorus oxychloride,  POClj.  From  vanadyl  trichloride,  by  treatment  with 
zinc,  vanadyl  dichloride  is  obtained,  VOCl^,  and  by  the  action  of  hydrogen  at 
a  high  temperature  upon  this,  both  vanadyl  monochloride,  VOCl,  and  divanadyl- 
monochloride,  V^O.jCl,  are  formed. 


CHAPTER  XI 
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Chromium.  Cr      .         .         .     52.1     I     Tungsten^  W  .         .  184 

Molybdenum,  Mo .         .        .     96        |     Uranium^  U    .         .         .         .     239.5 

CHROMIUM. 

Symbor,  Cr.     Atomic  weight =52.1. 

Occurrence.— Chromium  does  not  occur  in  nature  in  the  un- 
combincd  state.  In  combination  with  oxygen  and  associated 
with  iron,  it  is  met  with  in  considerable  quantities  in  the  mineral 
chrome  iron  ore,  or  chromite,  Cr203,FcO.  This  ore  is  the  chief 
source  of  chromium  compounds.  Other  natural  compounds  are 
crocoisite,  PbCr04,  and  chrome-ochre,  Cr^O,.  Traces  of  chromium 
arc  present  in  various  minerals,  such  as  the  emerald  and  green 
serpentine,  and  impart  to  them  their  green  colour. 

Modes  of  Formation. — Although  chromium  compounds  are 
manufactured  for  industrial  purposes,  the  element  itself  has 
received  no  technical  application. 

It  was  obuiined  by  Wohler  by  the  reduction  of  fused  chromium 
chloride  with  metallic  zinc,  beneath  a  layer  of  fused  sodium  and 
potassium  chlorides.  The  regulus,  or  alloy  of  zinc  and  chromium, 
was  then  treated  with  dilute  nitric  acid,  whereby  the  zinc  was 
dissolved,  and  the  chromium  was  obtained  in  the  form  of  a 
powder.  Chromium  may  also  be  obUiined  as  bright  metallic 
scales,  by  the  electrolysis  of  a  solution  of  chromous  chloride 
containing  chromic  oxide.  The  metal  may  be  prepared  by  the 
reduction  of  the  oxide,  Qxjd^  by  means  of  carbon  at  the  high 
temperature  of  the  electric  furnace,  or  by  heating  the  oxide  with 
metallic  aluminium. 

Properties. —Chromium  is  a  hard,  steel-grey  metal,  which  is 
not  oxidised  in  dry  air.  When  heated  in  the  oxyhydrogen  flame 
it  burns  brilliantly.  It  dissolves  in  hydrochloric  acid  with  evolu- 
tion of  hydrogen.    The  metal  is  not  magnetic    The  presence  of 
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minute  quantities  of  chromium  in  steel  imparts  to  the  latter  great 
hardness  and  tenacity. 

Oxides  of  Chromium. — Two  oxides  of  chromium  are  definitely 
known,  namely — 

Chromium  sesquioxide  {chromic  oxide)  .     Cr^Og. 

Chromium  trioxide  (chromium  anhydride)    .        .     CrOj. 

The  first  is  a  basic,  and  the  second  an  acidic  oxide.  Besides 
these  two  compounds,  a  hydrated  oxide,  derived  from  the  unknown 
chromous  oxide,  also  exists,  having  the  composition  CrO,HgO,  or 
Cr(H  0)2.  It  is  obtained  as  a  yellowish  precipitate  by  adding  potas- 
sium hydroxide  to  a  solution  of  chromium  dichloride  (chromous 
chloride),  with  the  exclusion  of  air.  It  rapidly  absorbs  oxygen, 
turning  dark  brown.  When  heated  out  of  contact  with  air  it  is 
converted  into  the  sesquioxide,  with  evolution  of  hydrogen — 

2CrO,H.p  =  Cr203+H20  +  H2. 

Other  compounds  of  chromium  and  oxygen  arc  described,  whose  composi- 
tion, however,  is  not  definitely  estabHshed  ;  thus,  the  product  obtained  as  .n 
brown  powder,  cither  by  the  partial  reduction  of  the  trioxide  or  the  oxidation 
of  the  sesquioxide,  is  regarded  by  some  chemists  as  chromium  dioxide.  CrO-. 
and  by  others  as  chromium  chromate,  (XOji.CrOs.  It  is  readily  obtained  by 
passing  nitric  oxide  into  a  solution  of  fXJtassium  dichromate. 

Chromium  Sesquioxide,  CroO^,  is  obtained  as  a  grey-green 
powder,  when  either  the  hydroxide,  or  the  trioxide,  or  ammonium 
dichromate  is  ignited  (see  page  230). 

When  the  vapour  of  chromyl  dichloride,  Cr02Cl2,  is  passed 
through  a  red-hot  tube,  chromic  oxide  is  deposited  in  the  form  of 
dark-green  hexagonal  cr>^stals.  Chromic  oxide  which  has  been 
strongly  ignited  is  nearly  insoluble  in  acids.  It  is  used  under  the 
name  oi  c/trome  j^reen  as  a  pigment,  and  for  giving  a  green  colour 
to  glass. 

Chromic  Hydroxides.  -  Chromic  oxide  yields  a  number  of 
hydrated  compounds.  When  ammonia  is  added  to  a  solution  of 
rhroniic  chloride,  or  other  chromic  salt,  free  from  alkali,  a  light 
blue  compound  is  precipitated,  which,  when  dried  over  sulphuric 
acid,  has  the  composition  Cr2(HO),5,  U1._,0  (or  ( -r.A^TH.jO).  When 
this  is  dried  in  vacuo  it  loses  i^IIoO,  and  Ixiromes  Cr2(HO),;,H..O 
(or  Cr.jO;i,4H.20);  and  on  beinc:  heated  at  200^  it  again  parts  with 
3H2O,  and  hns  the  composition  Cr..0,,,H.20. 
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When  potassium  dichromate  and  boric  acid  are  heated  to  dull 
redness,  and  the  mass  treated  with  water,  a  rich  green  residue  is 
obtained,  having  the  composition  Cr203,2H20.  This  compound, 
known  as  Guignefs  green^  is  employed  as  a  pigment. 

The  first  two  of  these  compounds,  which  may  be  looked  upon  as 
consisting  of  the  hydroxide  Cr2(HO)o  in  a  hydrated  condition, 
namely,  Cr2(H 0)^,4 H.2O  and  Qx4^0)^W.fi^  are  readily  soluble  in 
acids,  yielding  the  chromic  salts. 

Chromium  Trioxide  {chromic  anhydride)  CrOs.— When  strong 
sulplniric  acid  is  added  to  a  cold  saturated  solution  of  potassium 
dichromate,  the  trioxide  separates  out  in  long,  red,  needle-shaped 
crystals —  . 

KaCraOy  +  H2S04=  K8SO4  +  HgO  +  aCrO,. 

The  licjuid  is  decanted  from  the  crystals,  which  are  drained 
upon  porous  tiles,  and  the  adhering  sulphuric  acid  and  potassium 
sulpliate  washed  away  by  strong  nitric  acid.  The  crystals  are 
finally  heated  upon  a  sand-bath,  whereby  the  nitric  acid  is 
evaporated. 

Chromium  trioxide  dissolves  in  water  to  the  extent  of  62  parts 
in  100  parts  of  water  at  26*.  It  melts  at  a  temperature  about  I92\ 
At  250"  it  begins  to  give  off  oxygen,  and  is  ultimately  converted 
into  the  sesquioxide — 

2Cr03=Crj03+30. 

Chromium  trioxide  is  a  powerful  oxidising  agent,  and  in  contact 
with  most  organic  substances  it  is  reduced.  In  the  preparation 
of  the  compound,  therefore,  the  liquid  cannot  be  filtered  through 
paper  in  the  usual  way.  Warm  alcohol  dropped  upon  the  trioxide 
at  once  takes  fire,  while  in  a  more  diluted  condition  it  is  oxidised 
to  acetic  acid  ;  and  the  reduction  of  the  chromium  trioxide  is  made 
evident  by  the  change  of  colour  of  the  liquid,  from  red  or  yellow 
to  olive  green. 

Gaseous  ammonia  reduces  the  trioxide  to  the  sesquioxide,  with 
formation  of  water  and  nitrogen — 

2NH3  +  2Cr03  =  Crj03  +  N2+3HjO, 

the  reaction  being  accompanied  with  the  evolution  of  so  much  heat 
that  the  chromic  oxide  produced  becomes  incandescent. 
When  hydrogen    peroxide    is  added  to  a  dilute  so' 
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chromium  trioxide,  or  to  a  dilute  solution  of  potassitun  dichromate, 
acidified  with  sulphuric  acid,  a  deep  indigo-blue  solution  is  ob- 
tained. This  blue  compound  is  believed  to  contain  perchramic 
aa'dy  but  its  composition  has  not  been  definitely  established.  It 
may  be  regarded  as  a  compound  of  chromium  trioxide,  CrOj,  or  of 
perchromic  acid,  HCr04,  with  hydrogen  peroxide,  HjOj,  in  undeter- 
mined proportions. 

In  aqueous  solution  the  blue  colour  quickly  disappears,  oxygen 
being  eliminated.  The  compound  is  soluble  in  ether  ;  and  there- 
fore, when  the  aqueous  solution  is  shaken  up  with  that  liquid,  a 
deep  blue  ethereal  solution  rises  to  the  top.  In  this  solution  Uie 
compound  is  more  stable,  but  when  evaporated  it  evolves  oxygen, 
leaving  chromium  trioxide.  It  is  decomposed  by  alkalies,  forming 
alkaline  chromates  with  evolution  of  oxygen.  The  formation  of 
this  compound  constitutes  a  delicate  test  for  either  chromium 
trioxide  or  hydrogen  peroxide  (see  Hydrogen  Peroxide,  pag^e  227). 

ChromouB  Compounds.— These  correspond  to  chromous  hydrate,  Cr(HO)2. 
in  which  the  chromium  functions  as  a  divalent  element.  Comparatively  fev 
of  these  s-ilts  are  known. 

ChromooB  CUoride,  CrCL,  is  formed  when  the  metal  dissolves  in  hydro- 
chloric acid.  It  is  prepared  in  the  anhydrous  state  by  gently  heating  chroiiiic 
chloride  in  a  current  of  pure  hydrogen.  It  is  a  white  crystalline  compound. 
soluble  in  water  to  a  blue  solution,  which  rapidly  al)sorl>s  oxygen. 

Chromous  Sulphate,  (:rS04,7HoO.  is  obtained  by  dissolving  chromous 
acetate  in  dilute  sulphuric  acid.  It  is  deposited  from  the  solution  in  blue 
crystals,  isomorphous  with  ferrous  sulphate,  FcS04,7H20. 

Chromic  Compounds. — These  are  derived  from  chromic  oxide, 
the  oxide  acting  as  a  base. 

Chromic  Chloride,  CrCl^,  or  Cr^Cl,;,  is  prepared  by  strongly 
heating  a  mixture  of  chromic  oxide,  Cr^O.,,  and  carbon  in  a  stream 
of  dry  chlorine.  The  chromic  chloride  sublimes  in  the  form  of 
scales,  having  a  reddish-pink  colour.  The  molecular  weight  of 
chromic  chloride  is  158.45,  showing  that  in  the  vaporous  state  its 
molecules  have  the  formula  CrCl.,. 

It  is  nearly  insoluble  in  water,  but  readily  dissolves  in  water 
containing  minute  tmces  of  chromous  chloride,  forming  a  green 
solution.  The  same  solution  is  obtained  by  dissolving  hydrated 
chromic  hydroxide,  Cr/HOVtH.jO,  in  hydrochloric  acid,  and  if 
this  solution  be  slowly  evaporated,  very  soluble  green  crystals 
separate  out,  having  the  coinposition  Cr.jClfl,12H20.  If  strongly 
heated  in  the  air,  this  compound  gives  off  water  and  hydrochloric 
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acid,  leaving  chromic  oxide,  Cr^Oa ;  but  when  heated  to  250',  in 
cither  gaseous  hydrochloric  acid  or  chlorine,  it  is  converted  into 
the  pink  anhydrous  chromic  chloride,  which  redissolves  in  water 
to  the  green  solution.  If  heated  strongly  and  sublimed,  the  com- 
pound obtained  is  nearly  insoluble  in  water. 

Chromic  Sulphate,  Qxj^SO^^  is  obtained  by  dissolving  chro- 
mium hydroxide  in  concentrated  sulphuric  acid,  when  a  green 
solution  is  formed,  which  on  standing  changes  to  blue,  and  slowly 
deposits  violet-blue  crystals.  The  salt  may  be  purified  by  dis- 
solving in  cold  water  and  precipitating  with  alcohol.  If  insufficient 
alcohol  be  added  to  cause  immediate  precipitation,  the  salt  slowly 
deposits  from  the  dilute  spirit  in  blue  octahedrons,  belonging  to 
the  regular  system. 

A  cold  aqueous  solution,  which  has  a  violet  colour,  becomes 
green  when  boiled. 

Chromic  sulphate  forms  double  salts  with  the  sulphates  of  the 
alkalies,  which  belong  to  the  alums. 

Potassium  Chromium  Alum  {chrome  alum\  K2S04,Crjj(S04)3, 
24H.jO. — This  double  sulphate  is  formed  when  solutions  of  potas- 
sium and  chromium  sulphates  are  mixed  together  in  molecular 
proportions.  It  is  most  conveniently  prepared  by  the  addition  of 
the  requisite  amount  of  sulphuric  acid  to  an  aqueous  solution  of 
potassium  dichromate,  and  reducing  the  chromic  oxide  by  passing 
sulphur  dioxide  through  the  liquid — 

( 1 )  K^CrjOy  +  H2S04  =  2Cr03-h  HjO  +  K,S04. 

(2)  2Cr03  +  3S02    =Cr/S04)5. 

The  resulting  solution,  containing  the  two  sulphates  in  mole- 
cular proportions,  deposits  crystals  of  the  double  sulphate,  in  the 
fonn  of  dark  plum-coloured  octahedrons  (Fig.  149,  B,  page  619), 
which  appear  red  by  transmitted  light. 

Chrome  alum  dissolves  in  water,  yielding  a  plum-coloured  solu- 
tion, which  on  boiling  turns  green,  but  on  long  standing  returns  to 
ihi  original  colour. 

Sodium  chromium  alum  is  more  soluble,  and  ammonium  chro- 
mium alum  is  less  soluble,  than  the  potassium  salt 

Chromltes. — Chromic  uxide  acts  alM)  as  a  weak  acid,  and  combines  with 
other  oxidrs,  forming  compounds  resembling  the  aluminates.  When  potas- 
sium hydroxide  is  added  to  a  solution  of  a  chromic  salt,  the  green  hydrated 
oxide  which  is  precipitated  contains  alkali  which  cannot  be  removed  by  hot 
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water ;  this  is  present  in  the  form  of  potassium  chromite.  The  best  known 
chroipites  are  zinc  chromite,  Cr,Oj,ZnO ;  manganous  chromite,  CrsQ^.MnO. 
and  ferrous  chromite,  CrsO^.FeO;  the  latter  occurs  naturally  as  cbrome 
iron  ore. 

Chromates. — When  chromium  trioxide  is  dissolved  in  water, 
the  solution  is  believed  to  contain  chromic  acid,  H2Cr04 ;  when 
the  solution  is  evaporated,  however,  the  trioxide  alone  is  left.  (Red 
crystals  have  been  obtained,  by  cooling  a  hot  saturated  solution  of 
the  trioxide,  which  have  been  regarded  as  the  acid.) 

Potassium  Chromate,  KxCr04,  is  prepared  by  adding  potas- 
sium hydroxide  to  a  solution  of  the  dichromate — 

K2Crj07+2KHO  =  2KjCr04+HjO. 

On  evaporation,  \^^  yellow  chromate  of  potash  separates  out  in 
rhombic  crystals,  isomorphous  with  potassium  sulphate.  It  is 
soluble  in  water  at  the  ordinary  temperature  to  the  extent  of  60 
parts  in  100  parts  of  water,  forming  a  yellow  solution  having  an 
alkaline  reaction. 

Potassium  Dichromate,  K2Cr207,  is  manufactured  from  chrome 
iron  ore  by  roasting  the  finely  crushed  ore  with  potassium  car- 
bonate and  lime  in  a  reverbcratory  furnace ;  the  mass  being 
frequently  raked  over  to  expose  fresh  portions  to  the  oxidising 
action  of  the  flames.  In  this  way  a  mixture  of  calcium  and  potas- 
sium chromates  is  produced — 

2Cra03.  FeO  +  SKgCOs + CaO  +  70= CaCr04 + 3K.jCr04 + FcaOs + SCOj. 

The  yellow  mass,  when  cold,  is  broken  up  and  lixiviated  with  a 
hot  solution  of  potassium  sulphate,  which,  by  double  decomposition 
with  the  calcium  chromate,  forms  potassium  chromate  and  precipi- 
tates calcium  sulphate.  The  solution  after  settling  is  treated  with 
the  requisite  quantity  of  sulphuric  acid  to  convert  the  chromate 
into  the  dichromate,  thus — 

2K.^Cr04  +  H2S04  =  K,S04  +  H.O  +  K2Cr207. 

The  dichromate  being  much  less  soluble  than  the  normal  chro- 
mate, a  large  proportion  of  it  at  once  deposits  as  the  solution  cools ; 
and  the  mother-liquor  containing  potassium  sulphate  is  used  again 
to  lixiviate  a  fresh  quantity  of  the  roasted  mixture. 

Potassium  dichromate  foniis  large  red  prisms  or  tables,  belong- 
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ing  to  the  asymmetric  (triclinic)  system.  It  is  soluble  in  water  at 
the  ordinary  temperature  to  the  extent  of  10  parts  in  100  parts  of 
water,  yielding  an  acid  solution,  which  is  extremely  poisonous. 
When  a  fihn  of  gelatine  is  impregnated  with  potassium  dichromate 
and  exposed  to  light,  a  reduction  of  the  chromium  to  chromic 
oxide  takes  place,  and  at  the  same  time  the  gelatine  is  rendered 
insoluble.     This  property  is  utilised  in  photographic  processes.* 

Potassium  dichromate  is  also  known  under  the  misnomer  bichromate  of 
potash,  which  would  suggest  that  the  salt  was  in  reality  hydrogen  potassium 
chronuitc,  corresponding  to  iHsulphate  of  potash,  HKSO4.  Such  a  chromium 
compound  does  not  exist.  The  dichromates  correspond  to  the  disulphates  (or 
pyrosulphates),  see  page  435. 

Potassium  Txichromate,  K^CrsOio  (or  IC2Cr04.2Cr03).  and  Potassium 
Tetrachromate.  KjCr^Oij  (or  KaCr04,3Cr03),  are  also  known. 

Lead  Chromate,  PbCr04,  is  found  as  the  mineral  crocoisite. 
It  is  produced  by  precipitation  from  a  lead  salt,  with  either 
potassium  chromate  or  dichromate.  It  forms  a  bright  yellow 
powder,  known  as  chrome-yellow^  and  is  employed  as  a  pigment. 
It  melts  without  decomposition,  and  resolidifies  on  cooling  to  a 
brown  crystalline  solid.  At  higher  temperatures  it  gives  off 
oxygen,  and  is  converted  into  chromic  oxide  and  a  basic  lead 
chromate.  When  heated  with  organic  compounds,  the  latter  are 
completely  oxidised ;  lead  chromate  is  therefore  employed  in 
organic  analyses. 

When  lead  chrpmate  is  digested  with  sodium  hydroxide,  or  with 
normal  potassium  chromate,  a  basic  lead  chromate  is  obtained 
as  a  rich  red  powder — 

2PbCr04  +  2NaHO  =  Na.^Cr04  +  HjO  +  Pb^CrOft. 

This  compound  is  known  as  chrome-red, 

ChPOmyl  Chloride,  CrO^Cla.— This  compound  is  prepared  by 
distilling  a  mixture  of  potassium  dichromate  and  sodium  chloride 
with  strong  sulphuric  acid.  Chromyl  chloride  is  a  deep  red,  mobile, 
strongly  fuming  liquid.  It  is  decomposed  by  water  into  hydro- 
chloric acid  and  chromium  trioxide,  and  acts  as  a  powerful 
oxidising  substance.  When  dropped  upon  phosphorus  it  explodes. 
When  heated  in  sealed  tubes  it  is  converted  into  trichromyl 
chloride  with  loss  of  chlorine,  (Cr02)3Cl2. 

Chromyl   chloride   may   be    regarded    as  being  derived   from 

*  Abney,  "  Treatise  on  Photography." 
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chromic  acid,  CrO^(HO)^  {unknown\  by  the  complete  substitution 
of  (HO)  by  CI.  The  intermediate  compound,  chloro-chromic  acid, 
Cr02(H0)Cl,  is  also  unknown,  although  its  salts  have  been  prer 
pared ;  thus,  by  the  gentle  action  of  hydrochloric  acid  upon 
potassium  dichromatc,  potassium  chloro-chromate  is  obtained  as 
a  red  crystalline  salt — 

KgCrgOy  +  2H  CI  =  2CrOs(KO)Cl  +  HjO. 

Molybdenum,  Mo=96;  Tungsten,  W=i84;  Uranium,  11=239.5. 

These  three  somewhat  rare  elements  are  closely  related  to  chromium. 

Molybdenum  occurs  in  the  mineral  molybdenite,  M0S3  (which  strongly  re- 
sembles graphite  in  appearance),  and  more  rarely  as  molybdenum  ochre,  MoQ^ 
and  wulfenite,  PbMo04. 

Tungsten  is  found  chiefly  in  wolfram,  2FeW04,3MnW04  (occurring  in 
the  Cornish  tin  mines) ;  more  rarely  as  sckeelinite,  PbW04,  and  tooi/ram 
ochre,  WO3. 

Uranium  occurs  as  an  oxide,  U02,2UO.^,  in  pitchblende  (a  considerable 
t|uantily  of  which,  associated  with  other  uranium  compounds,  has  recently 
been  discovered  at  St.  Stephens,  Cornwall). 

Molytxlenuni  is  obtained  by  the  action  of  hydrogen  upon  the  heated  oxide 
or  chloride ;  uranium,  by  the  action  of  sodium  upon  the  chloride ;  while 
tungsten  has  been  obtained  by  both  methods.  In  their  specific  gravities, 
tungsten  and  uranium  exhibit  a  marked  difference  from  chromium  and 
molybdenum;  thus,  Cr,  sp.  gr.  =6;  Mo,  sp.  gr.  =8.6;  while  W,  sp.  gr.  = 
19.1  ;  U,  sp.  gr.  =  18,7. 

Molybdenum  and  uranium  form  a  largo  numlx»r  of  oxides,  some  of  which 
are  regarded  as  definite  oxides,  while  others  are  looked  upon  as  combinations 
of  two  oxides.  Only  two  oxides  of  tungsten  are  known.  The  composition  of 
these  compounds  is  as  follows  — 


MoO 

— 

— 

Mo./);, 

-  — 

MoQ. 

WO.. 

UOy 

Mo0.j 

WO:, 

UOa 

-  - 

UO4 

U..O;i  =  UO.,.UO.,. 
U30s=U02,2u63. 

The  trioxiile  of  tiich  metal  is  an  acid  oxiilc ;  uranium  trioxidc,  however,  is 
lx)lli  acitlic  and  txisic.  They  are  insoluble  in  water,  but  by  the  action  of 
alkalies  they  yifld  molybdates.  tungstales,  and  uranates.  MolyMates  and 
lun.^^>tates,  (icrivetl  from  the  acids  HoMo04.2H.,0  and  IIoW04,2H.20  (corre- 
sponding to  chromic  acid),  are  known.  And  all  three  oxides  yield  salts 
corresponding  to  poiassiinn  dichromatc,  thus— 

Soiliurn  Diiiiolybdate.  Sodium  Dittingstaie.  ScKJium  Diuranate. 

N  ;i.j  N I  (Kp:  N  iuW./^-  N  a,  U./ );. 

Molylxlic  and  tungstic  acids  also  form  numerous  polymolybdates  and  poly- 
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.  iiiiiKslales.  Iiy  lli=  absorplion  of  varying  (jiianliiies  of  ihe  Iriujiick  into  ihe 
iiiolL'cule  of  the  normal  sail  (see  C'hromatn.  pagu  663).  And  in  the  case  of 
iiin^^tL-n,  Hie  compnuixl  metalungslic  ouid.  H,W,Oa,Tl</>,  is  known. 

Umnium  dioiide  and  [rioiide  are  Ixxh  Issic  oiiiles,  ibe  former  yieldiog  llic 
iiiislulile  iiranBus  sails,  such  as  umnous  sulphate,  U(S04l;,:  and  the  latter 
[irodudiig  Ihe  uraxyl  sails,  of  which  the  sulphate.  (UO.jJSO(,  and  dimte. 
(Ua.MNO,t.j,  are  well  known. 

Uranium  peroxide,  UO4,  is  an  aeid  oxide  which  yields  per-uranales. 
[tolh  molylxltc  and  tungslic  acids  form  eompleit  compounds  wiih  phos- 
phoric acid,  known  as  phospbo-molybdic  and  tdi<u>phO'(ungstic  acids :  thus, 
when  a  nilrtc  add  solution  of  ammonium  molybdale  (NHil^MoO^.  is  added 
in  excess  lo  a  sohilion  of  orthophosphoric  adil  or  an  onhophosphale,  a 
canary- yi'ltuw  crystalline  precipiuio  of  ammonium  phospho-molybdalc, 
2INH,),l'0,.22MoO,.12H^,  is  oblained  (see  page  477}-  I*  '»  soluble  in 
alkalies  and  in  excess  of  phosjdioric  arid,  but  insoluble  in  dilute  mineral  acids, 
W'in-n  this  compound  is  dissolved  in  aqaa-ngia  Ihe  solution  deposits  yellow 
crviiuls  of  phospho-molylidic  acid.  aHsTO^SaMoOj. 

CtiraiMjundi  with  dilwine  having  the  following  composition  are  known  - 
MoCl,  WCl,  — 

MoCl,  or  MojCl,  -  - 

Moa,  WClj  UCIj. 

MoO,  WCIj  UClj. 


CHAPTER  XII 
GROUP  VII.  (FAMILY  A,) 

MANGANESE. 

Symbol,  Mn.     Atomic  weight  =  55.a 

Occurrence. — This  element  is  never  found  in  nature  in  the  free 
state.  It  is  widely  distributed  in  combination  with  oxygen,  as 
pyrolusite^  MnOj ;  braunite^  MngOj  ;  and  hausmannite^  Mn304. 
Also  as  a  hydrated  oxide  in  manganite^  Mn203,H20.  It  is  met 
with  also  as  carbonate  in  manganese  spar^  MnCOs;  and  as  sul- 
phide in  manganese  blende^  MnS. 

Modes  of  Formation. — Manganese  may  be  obtained  by  the 
reduction  of  the  oxide  by  means  of  carbon  at  a  very  high 
temperature,  as  obtained  in  the  electric  furnace.  The  product, 
however,  contains  carbon.  In  a  purer  state  it  may  be  prepared  by 
the  reduction  of  fused  anhydrous  manganous  chloride  by  means  of 
metallic  magnesium,  or  by  reducing  the  oxide  with  aluminium  at  a 
high  temperature. 

Properties. — Manganese  is  a  hard,  steel-grey,  brittle  metal. 
It  rapidly  oxidises  on  exposure  to  moist  air,  and  is  readily  dis- 
solved by  dilute  sulphuric  or  hydrochloric  acid,  with  evolution  of 
hydrogen. 

Oxides  of  Mangr&nese. — The  four  most  important  of  these 
are— 

Manganous  oxide  (manganese  monoxide)    .        .  MnO. 

Red  mang^anese  oxide  {hausmannite) .        .  Mn304. 

yi2C[i%7\Xi\z  Qvixdi^  {manganese  sesquioxide)  .  Mn^O^. 

Manganese  dioxide  {pyroiusite)  ....  MnO^. 

The  monoxide  and  sesquioxidc  are  basic,  giving  rise  to  man* 
ganous  and  manganic  salts  respectively.  The  oxide,  Mn304,  is 
also  basic,  but  yields  with  acids  both  manganous  and  manganic 
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salts.  Manganese  dioxide  or  peroxide,  Mn02,  gives  manganous 
salts  with  elimination  of  available  oxygen.  It  also  combines  with 
certain  more  basic  oxides,  forming  unstable  compounds  known  as 
manganites. 

Manganese  trioxide,  MnOs,  and  hept-oxide,  MnjO;,  have  also 
been  obtained.  They  are  both  acid  oxides,  giving  rise  respec- 
tively to  the  mangancUes  and  permanganeUes, 

Mancr&nous  Oxide*  MnO,  is  obtained  by  heating  any  of  the 
higher  oxides  in  a  stream  of  hydrogen,  or  by  igniting  a  mixture  of 
manganous  chloride,  sodium  carbonate,  and  ammonium  chloride. 
It  is  a  light  green  powder,  which,  if  prepared  at  a  low  tempera- 
ture, oxidises  in  the  air.  When  perfectly  air-free  solutions  of 
potassium  hydroxide  and  a  manganous  salt  are  mixed,  with  exclu- 
sion of  air,  hydrated  manganous  oxide,  or  manganous  hydroxide, 
Mn(HO).^  is  obtained  as  a  white  precipitate,  which  rapidly  oxidises 
on  exposure  to  air. 

Red  Mangr&nese  Oxide  {mangano-manganic  oxidc\  Mn304,  is 
the  most  stable  of  the  oxides  of  manganese,  being  formed  when 
both  the  higher  or  lower  oxides  are  strongly  heated.  Thus,  in  the 
preparation  of  oxygen  by  heating  the  dioxide,  this  compound 
remains  (page  184).  With  cold  sulphuric  acid  it  yields  a  mix- 
ture of  manganous  and  manganic  sulphates,  but  when  heated  with 
dilute  acid,  manganous  sulphate  and  dioxide  are  formed — 

Mn304  +  2H8S04=2MnS04+Mn02-|-2Hj,0. 

Manganic  Oxide  {rnanganese  5esquioxide\  MnjOj,  occurs  native 
as  drauniU'yUnd  in  the  hydrated  condition  as  manganite^  MnjOg^HjO. 
The  hydrated  oxide  is  formed  by  the  spontaneous  oxidation  of  man- 
ganous hydroxide,  and  when  gently  heated  it  yields  the  oxide. 
Both  the  oxide  and  the  hydrate,  on  treatment  with  warm  nitric 
acid,  yield  manganous  nitrate  and  manganese  dioxide. 

Manganese  Dioxide*  MnO,,  is  the  most  important  of  the  man- 
ganese ores.  It  may  be. obtained  by  the  cautious  ignition  of 
manganous  nitrate — 

Mn(N03),=2NOj-|-MnOjj. 

Manganese  dioxide  is  a  hard  black  solid  which  conducts  electri- 
city and  is  strongly  electro- negative  to  metals.  On  this  account 
it  is  employed  in  certain  forms  of  voltaic  battery.  When  heated 
it  loses  oxygen,  and  forms  first  the  sesquioxide  and  finally  Mn,04. 
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Manganese  dioxide  dissolves  in  cold  concentrated  hydrochloric 
acid,  forming  a  dark-brown  solution  which  is  believed  to  contain 
the  compound  MnjClg.  On  warming  it  evolves  chlorine,  and 
leaves  manganous  chloride,  MnClj. 

Manganltes. — Manganese  dioxide  combines  with  certain  me- 
tallic oxides,  forming  unstable  compound  oxides.  Thus,  with  lime 
it  forms  CaO,Mn02 ;  CaO,2Mn02,  and  CaO,5Mn02.  These  com* 
pounds  are  produced  in  the  Weldon  recovery  process  (page  359). 

HANGANOUS  SALTS. 

Manganous  Chloride,  MnCis,  is  the  only  chloride  of  this  metal 
that  has  been  isolated  It  is  obtained  by  dissolving  any  of  the 
oxides  or  the  carbonate  in  hydrochloric  acid,  and  on  evaporation 
is  deposited  as  pink  crystals  of  MnCl2,4H20.  The  anhydrous 
salt  is  prepared  by  heating  the  crystals  in  a  stream  of  hydro- 
chloric acid.  Manganese  chloride  forms  double  salts  with  chlo- 
rides of  the  alkalies,  the  ammonium  salt  MnCl2,2NH4Cl,H20  being 
the  best  known. 

Manganous  Sulphate,  MnS04,  is  prepared  by  strongly  heating 
a  pasty  mixture  of  the  dioxide  and  strong  sulphuric  acid.  The 
iron  present  is  thereby  converted  into  ferric  oxide,  and  on  treat- 
ing the  calcined  mass  with  water  manganous  sulphate  dissolves. 
The  solution  on  evaporation  deposits,  at  ordinary  temperatures, 
large  pink  crystals  of  MnS04,5H20  (isomorphous  with  copper 
sulphate).  Below  6"*  rhombic  crystals  are  fonned  (also  pink)  of  the 
composition  MnS04,7H20  (isomorphous  with  ferrous  sulphate). 

When  these  salts  are  heated  to  200**,  or  when  their  solutions  are 
boiled,  the  anhydrous  salt  is  formed.  With  sulphates  of  the 
alkalies,  manganous  sulphate  forms  double  salts,  as  potassium 
manganous  sulphate,  K2S04,MnS04,6HoO  ;  and  with  aluminium 
sulphate  it  yields  tl pscudo-ahtm  (see  page  620),  MnS04,Al2(SO4)3, 
24H2O. 

MANQANIC  SALTS. 

Manganic  Chloride  is  obtained  as  a  dark-brown  solution 
when  the  dioxide  is  dissolved  in  cold  hydrochloric  acid.  It  has 
never  been  isolated,  and  is  believed  to  have  the  composition 
MnXl,;. 

Manganic  Sulphate,  Mn./S04).„  is  obtained  as  a  green  deli- 
quescent powder  by  the  action  of  sulphuric  acid  upon  the  pre- 
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cipitated  peroxide.  On  exposure  to  the  air  the  deliquesced  mass 
becomes  muddy,  by  the  precipitation  of  hydrated  manganic  oxide, 
thus — 

Mn2(S04)3  +  4HjO  =  3H2S04+Mnj03,H20. 

On  the  addition  of  potassium  sulphate  to  a  solution  of  manganic 
sulphate  in  dilute  sulphuric  acid,  potassium  manganese  alum  is 
obtained,  K2S04,Mna(S04)3,24H20,  which  deposits  in  violet  regular 
octahedra.  In  the  presence  of  much  water  the  salt  is  decomposed, 
and  deposits  the  hydrated  manganic  oxide. 

MANGANATE8. 

These  salts  are  derived  from  the  hypothetical  manganic  acid, 
H2Mn04.  The  oxide  corresponding  to  this  acid  is  known,  viz., 
MnOj.  It  is  an  unstable  compound,  obtained  as  a  reddish  amor- 
phous mass,  by  adding  a  solution  of  potassium  permanganate  in 
sulphuric  acid  to  dry  sodium  carbonate. 

The  manganates  of  the  alkalies  are  obtained  by  fusing  manganese 
dioxide  with  potassium  or  sodium  hydroxide.  If  air  be  excluded 
the  following  reaction  takes  place — 

3Mn02+2KHO  =  K2Mn04+Mn203+H20. 

In  the  presence  of  air  or  oxygen,  or  by  the  addition  of  potassium 
nitrate  or  chlorate,  more  of  the  manganese  is  converted  into  man- 
ga nate.  The  fused  mass  has  a  dark-green  colour,  and  dissolves  in 
a  small  quantity  of  cold  water  to  a  deep  green  solution,  which  is 
only  stable  in  the  presence  of  free  alkali. 

When  a  solution  of  potassium  manganate  is  largely  diluted  or 
gently  warmed,  it  changes  from  green  to  pink,  owing  to  the  con- 
version of  the  manganate  into  permanganate,  thus — 

3KjMn04  +  2H,0  =  2KMnO,+  Mn02  +  4KHO. 

The  same  change  takes  place  when  carbon  dioxide  is  passed 
through  the  solution. 

PEBHAVGAMATE8. 

These  salts  are  derived  from  permanganic  arid,  HMn04.  When 
potassium  permanganate  is  cautiously  added  to  cold  strong  sul- 
phuric acid,  green  oily  drops  of  the  unstable  manganese  heptoxtde 
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{or  fiertnanganic  anhydride)  arc  obtained,  MnjOy.  This  compound 
dissolves  in  a  small  quantity  of  water  to  a  purple  solution,  which 
contains  the  unstable  acid,  Mn207,H20,  or  HsMnsO^^SHMnOi. 
The  solution  evolves  oxygen  and  deposits  manganese  dioxide. 

Potassium  Permanganate,  KMn04,  is  the  most  important  salt 

of  this  class.  It  is  prepared  by  fusing  the  dioxide  with  potassium 
hydroxide  and  potassium  chlorate,  dissolving  the  manganate  so 
obtained  in  water,  and  passing  carbon  dioxide  through  the  solu- 
tion. The  filtered  solution,  on  evaporation,  deposits  dark  purple 
rhombic  prisms,  which  appear  deep  red  by  transmitted  light. 
Potassium  permanganate  is  isomorphous  with  potassium  per- 
chlorate,  KCIO4 ;  it  dissolves  in  water,  forming  a  rich  purple 
solution.  When  boiled  with  strong  caustic  alkalies  it  loses  oxygen 
and  forms  the  green  potassium  manganate — 

2KMn04+2KHO  =  2K2Mn04+Hj^O  +  0. 

It  readily  gives  up  oxygen  to  oxidisable  and  organic  compounds, 
and  on  this  account  is  used  both  as  a  laboratory  oxidising  agent 
and  as  a  disinfectant.  The  crude  sodium  salt  is  largely  employed, 
under  the  name  of  Condy^s  Disinfecting  Fluids  for  this  purpose. 
When  solid  potassium  permanganate  is  heated  to  240*  it  evolves 
oxygen,  and  forms  potassium  m.inganate  and  manganese  dioxide — 


:2KMn04=  KoMnO^-h  MnO^  +  Oj. 


CHAPTER  XIII 

THE  TRANSITIONAL  ELEMENTS  OF  THE  FIRST 

LONG  PERIOD 

Iron,  Fe=55.9.        Cobalt,  00=59.0.         Nickel,  Ni  =  58.7. 

These  three  elements  belonging  to  Group  VIII.  (see  classifica- 
tion, page  117)  stand  in  a  different  relation  to  each  other  than  the 
members  of  the  other  seven  groups. 

Iron,  cobalt,  and  nickel  belong  to  the  same  period^  being  the 
transitional  elements  filing  between  the  first  and  second  series  of 
the  first  long  period.  They  are  related,  on  the  one  hand,  through 
iron,  to  the  preceding  metals  manganese  and  chromium  {see  such 
compounds  as  ferrates^  manganates^  chroma  fes) ;  while,  on  the  other 
hand,  through  nickel,  they  approach  the  metal  copper,  which  is  the 
next  following  in  the  period. 

Iron,  cobalt,  and  nickel  are  closely  related  elements  ;  in  nature 
they  are  usually  associated  together.  They  are  all  attracted  by 
the  magnet,  and  are  nearly  white,  hard,  and  difficultly  fusible 
metals.  In  their  chemical  habits,  however,  they  exhibit  a  gradual 
transition  in  their  properties.  Thus,  iron  forms  two  basic  oxides, 
yielding  two  series  of  stable  salts,  v\z.y  ferrous  2Ln^  ferric.  Cobalt 
also  has  two  basic  oxides,  but  the  basicity  of  the  sesquioxide  is 
very  feeble,  and  cobalt/V  salts  (except  double  salts)  are  unstable, 
and  are  only  known  in  solution.  Nickel  only  forms  one  basic 
oxide,  and  yields  only  one  series  of  salts  corresponding  to  the 
ferrous  salts,  the  sesquioxide  of  nickel  behaving  with  acids  as  a 
peroxide. 

moN. 

Symbol,  Fe.      Atomic  weight =55. 9. 

Occurrence. — Iron  is  one  of  the  most  abundant  and  widely 
distributed  elements.     It  occurs  in  the  uncombined  state  in  small 

particles  disseminated  through  certain  basalts,  and  also  in  meteoric 
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iron,  where  it  is  usually  associated  with  nickel,  cobalt,  and  copper. 
Masses  of  iron  have  also  been  found  which  have  been  formed  by 
the  reduction  of  iron  ores,  owing  to  the  firing  of  coal  pits  :  such 
iron  is  known  as  natural  steel. 

The  chief  ores  of  iron  are  red  hamatite  and  speadar  iron  ore^ 
FcjOs ;  brown  hcematite^  2Fe203,3H20  ;  magnetic  iron  ore  (load- 
stone), Fe304 ;  spathic  iron  ore,  FeCOs ;  clay  iron  stone  consists 
of  spathose  iron  mixed  with  clay  ;  and  blackband  is  clay  iron 
stone  containing  from  20  to  25  per  cent,  of  coal. 

Iron  is  also  found  in  combination  with  sulphur,  as  iron  pyrites^ 
FeSj,  and  with  iron  and  copper  in  copper  pyrites,  CujSjFe^Sg,  but 
these  compounds  are  not  employed  in  the  metallurgy  of  iron. 

Modes  of  Formation. — Iron  is  readily  reduced  from  its  com- 
pounds. Thus,  if  ferric  oxide  or  oxalate  be  gently  heated  in  a 
stream  of  hydrogen,  the  metal  is  obtained  as  a  black  powder, 
which  spontaneously  oxidises  with  incandescence  when  brought 
into  the  air.  On  the  industrial  scale  the  reduction  is  effected  by 
means  of  coke  and  limestone.  The  ore  is  first  calcined,  whereby 
water  and  carbon  dioxide  are  expelled,  and  any  sulphides  present 
are  oxidised,  with  the  expulsion  of  sulphur  dioxide.  By  this  pro- 
cess also  the  ore  is  rendered  more  porous.  The  calcined  ore  is 
then  smelted  in  a  blast-furnace,  with  limestone  and  coke.  Fig.  155 
shows  in  section  a  modern  blast-furnace.  The  charge  is  admitted 
at  the  top  by  means  of  the  cup  and  cone  arrangement,  which  closes 
the  furnace,  and  a  powerful  hot-blast  is  forced  through  tuyeres 
placed  round  the  base  of  the  furnace.  The  furnace  gases  are  led  off 
by  the  side  pipe  at  the  top,  and  are  utilised  for  heating  the  blast. 

The  chemical  reactions  which  take  place  in  a  blast-furnace  are 
many  and  complex,  and  differ  in  different  parts  of  the  furnace. 
In  the  main,  the  following  are  the  changes  which  occur.  The 
atmospheric  oxygen  of  the  hol-blast,  on  coming  in  contact  with 
the  carbon,  forms  carbon  monoxide  (at  the  high  temperature 
carbon  dioxide  is  probably  not  first  formed).  As  the  charges  of 
ore  gradually  work  their  way  down  the  furnace,  they  soon  arrive 
at  a  point  where  the  ferric  oxide  begins  to  be  reduced  by  the 
heated  carbon  monoxide,  first  to  ferrous  oxide,  and  then  to  a 
spongy  or  porous  mass  of  metallic  iron.  The  region  where  this 
takes  place  is  termed  the  zone  of  reduction — 

Fe.O,  +  3CO -=  3CO., -f  2Fe. 

In  the  early  stages  of  its  descent  through  the  furnace,  the  lime- 


stone  is  converted  into  carbon  dioxide  and  lime  The  reduced 
sponjiy  tnenl  is  it  passes  down  through  the  hotter  regions  of  the 
furnace,  hcj,ins  to  take  up  carbon.     It  is  probable  that  carbon 


FIG.  155- 


nionoxide  first  combines  with  the  reduced  iron,  forming  iron 
carbonyl  (see  page  300),  which  at  a  hi|;her  temperature  is  decom- 
posed, wiih  ilic  precipiiaiion  of  finely  divided  carbon  within  the 
pores  of  the  mass.  More  and  more  carbon  is  taken  up  by  ihe  iron 
a  u 
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as  it  descends,  until  it  passes  from  a  pasty  condition  to  a  state  of 
complete  fusion,  when  it  collects  upon  the  bottom,  or  hearth,  of  the 
furnace.  In  passing  through  the  hottest  regions  the  lime  combiiies 
with  the  siliceous  materials  originally  present  in  the  ore  to  fbnn  a 
fusible  slag,  beneath  which  the  molten  iron  collects*  Other  re- 
actions which  go  on  in  various  regions  of  the  furnace  are  the  reduc- 
tion of  sulphur  compounds,  and  of  phosphates  and  silicates,  with 
the  absorption  into  the  iron  of  a  certain  amount  of  sulphur,  phos- 
phorus, and  silicon.  The  precise  nature  of  the  changes  suffered 
by  the  gases  in  the  various  regions  of  the  furnace  is  still  obscure. 
The  cyanogen  formed  by  the  direct  union  of  atmospheric  nitrogeo 
with  carbon,  and  also  the  hydrocarbons  present,  doubtless  tmdeigo 
a  chemical  change  in  contact  with  the  heated  iron,  and  probably 
aid  in  its  carburisation.  The  molten  iron  is  drawn  off  at  intervals 
from  a  tap-hole  into  moulds,  and  is  known  as  cast  iron  or  pig  iron. 
The  slag  as  it  accumulates  overflows  in  a  regular  stream  throitgh 
an  opening  known  as  the  slag  hole.  When  such  a  furnace  is  in  fiill 
blast,  fresh  charges  of  materials  are  introduced  at  regular  intervals, 
and  the  process  continues  uninterruptedly  for  years.  The  metal 
obtained  from  the  blast-furnace  is  far  from  pure  iron,  but  contains 
varying  quantities  of  carbon,  silicon,  phosphorus,  sulphur,  and 
manganese. 

The  carbon  may  be  present  either  in  combination  with  iron  as 
a  carbide,  or  distributed  throughout  the  metal  as  fine  particles  of 
graphite,  or  in  both  of  these  fonns.  White  cast  iron  contains  its 
carbon  in  the  combined  form,  while  grey  cast  iron  owes  its  grey 
colour  to  the  presence  of  minute  crystals  of  graphite  disseminated 
throughout  the  metal.  When  grey  cast  iron  is  dissolved  in  hydro- 
chloric acid,  the  graphite  remains  behind  as  a  black  powder  ;  but 
on  similarly  treating  iron  containing  combined  carbon^  the  carbon 
unites  with  the  hydrogen,  forming  various  hydrocarbons,  which 
impart  to  the  escaping  gas  a  characteristic  and  unpleasant  smell. 
Average  cast  iron  contains  from  90  to  95  per  cent,  of  iron,  and  3  to 
5  per  cent,  of  carbon.  Spiegel  is  a  variety  of  white  cast  iron  con- 
taining 3.5  to  6  per  cent,  of  carbon,  and  from  5  to  20  per  cent,  of 
manganese.  With  more  than  20  per  cent,  of  manganese,  the 
metal  is  ienwed  ferro-9fiangincsc. 

Purification. — The  properties  of  iron  are  greatly  modified  by 
the  presence  of  various  impurities,  especially  carbon,  and  for 
different  purposes  for  which  iron  is  used,  metal  of  different  degrees 
of  purity  is  required.     The  purest  form  of  ordinary  commercial 


iron  is  known  as  wrought  iron,  while  sifel  is  micmiccli.-ilp  lietwcpii 
tlijsand  iiist  irnn. 

The  prHcess  by  which  cast  iron  is  convcTted  into  wrought  iron 
is  x^jmrA  puddling ;  and  ilie  method  is  called  either  dry  puddling 
oT  pig-boiling,  depending  upon  whether  the  cast  iron  is  subjected 
to  a  preliminary  refining  or  not.  The  chemical  reactions  in  both 
ciises  are  the  sanie,  and  cunsist  in  the  oxidation  of  the  impurilies  ; 
the  carbon  being  expelled  as  carbon  dioxide,  while  the  oxides  of 
silicon,  phosphorus,  and  ii)nngane»e  pa&s  into  the  sing;.  The 
mclhod  ai pig-boiiing  is  almost  exclusively  adapted. 

The  cast  iron  is  melted  in  a  rcvcrberalory  furnace,  ihe  working 
iHitiom  of  which,  as  well  »»  the  lining  {ut  ffttiing),  consists  of  a 
layer  of  ferric  oxide.  The  decarburisation  of  the  iron  is  mainly 
effected  by  means  of  the  oxide  of  iron  dctived  from  the  fettling  ; 
and  for  some  lime  the  molten  mrtss  appears  to  boil,  owing  to  the 
escape  of  carbon  monoxide.  As  Ihe  impurities  are  oxidised  and 
removed,  the  mass  becomes  pasty  (owing  to  the  fact  that  the 
melting-point  of  pure  iron  is  much  higher  than  that  of  cast  iron), 
and  is  then  worked  up  into  lumps,  or  /•limmt,  which  are  ultimalclj' 
removed  and  placed  under  a  sicam  hammer,  whereby  admixed  slag 
is  si]ueeted  out,  and  the  metal  is  welded  into  a  solid  mass. 

Wrought  iron  contains  from  0.06  to  0.15  per  cent,  of  carbon. 

Steel  may  be  produced  either  from  wrought  iron,  by  adding 
carbon,  or  from  cast  iron  by  removing  that  impurity.  Formerly 
^(cel  was  exclusively  obtained  by  the  fir&t  method,  by  what  is 
known  as  the  cemeittalkm pnntts.  This  simply  consists  in  heating 
the  bars  of  iron,  buried  in  broken  charcoal,  for  several  days  to  n  ni 
heau  The  precise  nature  of  the  chemical  change  which  results  in 
the  carburisalion  of  the  iron  is  not  definitely  established.  In  all 
prohabihty  Ihi-  carbon  is  conveyed  into  the  body  of  the  metal 
(which  is  not  even  healed  to  the  softening  point)  by  the  intervention 
of  iron  carbonyl ;  the  carbon  monoxide  being  formed  by  the  union 
of  the  carbon  with  the  air  reiaincil  within  tlie  layer  of  charcoal. 
A I  the  conclusion  of  Ihe  operation  the  iron  presents  a  blistered 
appearance,  and  on  this  account  is  termed  bUittr-stttl. 

At  the  present  time  steel  is  mostly  produced  by  the  Bessemer 
process,  which  consists  in  oxidising  the  impurilies  present  in  cast 
iron,  by  blowing  through  the  mohen  metal  a  blast  of  air.  This 
n  is  performed  in  a  large  pear-shaped  vessel,  known  as  a 
r,  which  is  mounted  on  trunnions,  and  through  the  Ixiltom 
(which  a  powerful  air  blast  can  be  admitted.    The  converter  is 
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tilted  into  a  horizontal  position,  and  a  quantity  of  molten  cast  iron 
is  run  in.  The  air  blast  is  then  started  and  the  converter  immedi- 
ately swung  back  into  a  vertical  position.  In  the  course  of  a  very 
short  time  the  whole  of  the  impurities  are  burnt  away,  and  the 
stage  at  which  the  operation  is  complete  is  sharply  marked,  by  the 
sudden  disappearance  of  the  flame  from  the  open  mouth  of  the 
converter.  The  converter  is  once  more  swung  into  a  horizontal 
position,  and  the  blast  is  stopped.  The  exact  quantity  of  molten 
Spiegel  is  then  added  to  supply  the  carbon  required  to  convert  the 
entire  charge  into  steel,  and  the  blast  is  turned  on  for  a  few 
moments  in  order  to  thoroughly  mix  the  materials,  after  which  the 
contents  are  poured  out  into  the  casting  ladle. 

The  comparative  purity  of  the  three  forms  of  iron  will  be  seen 
from  the  three  following  typical  examples  : — 


Cast  Iron. 

SteeL 

Wrought  Iron. 

Carbon    . 

.      3.81 

0.65 

0.10 

Silicon 

.     1.68 

0.07 

0.05 

Phosphorus 

.     0.70 

0.03 

0.15 

Sulphur    . 

.    0.60 

0.02 

0.05 

Manganese 

0.41 

0.40 

0.07 

7.20 

1. 17 

0.42 

Iron 

92.80 

98.83 
100.00 

99.58 

100.00 

100.00 

Properties. — Pure  iron  is  a  white  histrous  metal,  capable  of 
taking  a  hij^h  polish.  Its  specific  gravity  is  7.84  to  8.139.  It  is 
more  diffirultly  fusible  and  more  malleable  than  wrought  iron,  but 
at  a  red  licit  it  l>ecomes  soft  and  can  be  welded.  The  physical 
properties  usually  associated  with  iron  are  in  reality  those  of 
iron  containing  varying  amounts  of  impurities  :  thus,  pure  iron 
when  rendered  magnetic  quickly  loses  this  property,  whereas 
steel  retains  its  magnetism  at  ordinary'  temperatures,  losing  it, 
however,  when  heated.  Pure  iron,  when  heated  and  suddenly 
cooled,  does  not  take  .1  temper^  while  steel  when  so  treated  be- 
comes extremely  hard  and  brittle. 

Iron  is  unacted  upon  by  dr>'  air  at  ordinary'  temp>cratures, 
but  in  moist  air,  especially  in  the  presence  of  carbon  dioxide,  it 
becomes  coated  with  rust,  and  the  process,  which  is  slow  to.  begin, 
proceeds  rapidly  when  a  film  of  oxide  has  been  once  formed.  Iron 
decomposes  water   readily  at  a  red  heal  ;   in  the  finely  divided 
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state  the  metal  decomposes  water  at  Icx)^  Dilute  hydrochloric  and 
sulphuric  acids  rapidly  dissolve  iron  with  evolution  of  hydrogen. 
Dilute  nitric  acid  dissolves  it,  forming  ferrous  nitrate  and  am- 
monium nitrate  ;  with  stronger  nitric  acid,  ferric  nitrate  and  oxides 
of  nitrogen  are  formed. 

Concentrated  nitric  acid  (specific  gravity,  1.45)  is  without  solvent 
action  upon  iron.  A  strip  of  iron  which  has  been  immersed  in 
such  strong  acid  is  unacted  upon  when  afterwards  dipped  into 
the  more  dilute  acid,  and  is  also  incapable  of  precipitating  metallic 
copper  from  a  solution  of  copper  sulphate.  Iron  in  this  condition 
is  said  to  be  passive.  Other  oxidising  agents,  as  chromic  acid,  or 
hydrogen  peroxide,  are  capable  of  bringing  about  the  same  result. 
It  is  believed  that  this  condition  is  due  to  the  formation  of  a  film 
of  the  oxide  Fe304  upon  the  surface. 

Finely  divided  iron  takes  fire  spontaneously  in  chlorine  ;  and 
when  gently  warmed  in  sulphur  dioxide  it  combines  with  that  gas 
with  incandescence.  It  absorbs  carbon  monoxide  with  formation 
of  iron  carbonyl,  Fe(CO)5.  When  heated  in  ammonia  it  forms  a 
nitride,  Fe4N,  (see  page  278). 

Oxides  of  Iron. — Three  oxides  of  iron  are  known,  namely  : — 

Ferrous  oxide  (iron  monoxide)      .         .     FeO. 

Ferric  oxide  {iron  sesquioxiiic)      .         .     Fe^Oj. 

Ferroso- ferric  oxide  {magnetic  oxide)    .     Fe304,  or  Fe203,FeO. 

The  two  first  are  basic  oxides,  giving  rise  respectively  to  ferrous 
and  ferric  salts  ;  the  third  yields  both  ferrous  and  ferric  salts. 

Ferric  oxide  combines  with  certain  more  basic  oxides,  formi 
ing  compounds  analogous  to  Fc203,FeO  ;  such  as  Fe^OajCaO, 
FcjO^jZnO.     These  are  known  SLs/erri/es. 

Ferrous  Oxide  {protoxide  of  iron\  FeO,  is  formed  as  an  inter- 
mediate product  during  the  reduction  of  ferric  oxide  by  hydrogen 
or  carbon  monoxide  ;  but  it  is  difificult  to  obtain  it  free  from  either 
the  higher  oxide  or  the  metal.  It  is  also  formed  when  ferrous 
oxalate  is  heated  out  of  contact  with  air.  It  is  a  black  powder, 
which  oxidises  in  the  air,  and  which  dissolves  in  acids  yielding 
ferrous  salts. 

Ferrous  Hydroxide,  FeCHO)^,  or  FeO.HjO,  is  obtained  as  a 
white  precipitate  when  potassium  hydroxide  is  added  to  a  solution 
of  a  ferrous  salt  with  entire  exclusion  of  air.  In  the  presence  of 
air  it  is  green.  It  readily  absorbs  oxygen  and  passes  into  ferric 
oxide. 
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Ferric  Oxide  (sesquioxidc  of  iron\  FcjOs,  occurs  in  brilliaot 
blick  crystals  belonging  to  the  hexagonal  system,  in  sfiecmiar 
iron  ore.  It  is  obtained  as  a  red  amorphous  powder  by  heating 
hydrated  ferric  oxide,  ferrous  sulphate,  or  ferrous  carbonate.  In 
a  crystalline  condition  it  may  be  produced  by  carefully  heating  a 
mixture  of  ferrous  sulphate  and  common  salt,  or  by  heating  the 
amorphous  oxide  in  gaseous  hydrochloric  acid.  The  natural  com- 
pound, and  also  the  artificial  substance  after  strong  ignition,  is 
only  slowly  dissolved  by  acids.  Ferric  oxide  is  extremely  hygro- 
scopic. When  strongly  heated  it  is  partially  converted  into  Y^fi^ 
The  amorphous  substance,  obtained  by  distilling  ferrous  sulphate 
for  the  manufacture  of  Nordhausen  sulphuric  acid,  is  employed  as 
a  red  pigment  and  a  polishing  powder  under  the  name  of  rouge. 

Ferric  Hydroxide,  or  Hydrated  Ferric  Oxide,  Fej(HO)^  or 
Fe203,3H20.— When  an  excess  of  ammonia  is  added  to  a  solution 
of  ferric  chloride,  and  the  voluminous  brown  precipitate  is  dried 
at  a  moderate  temperature,  it  has  the  composition  Fe203,3HjO. 
On  exposure  to  various  temperatures,  or  by  precipitation  under 
various  conditions,  hydrated  oxides  of  the  composition  FejOj, 
2H.jO  ;  FcjOajH-jO,  and  others,  have  been  obtained  ;  and  several 
of  these  compounds  occur  in  nature.  Ordinary  rust  of  iron  has  the 
composition  2Fe203,3Hj,0,  or  FeoOjjFeaCHO)^. 

The  monohydrate  FcoOs.HoO  has  been  obtained  as  a  soluble  modiBcation. 
by  heating  an  acetic  acid  solution  of  precipitated  ferric  hydroxide  to  100"  in 
sealed  vessels.  On  the  addition  of  sulphuric  acid,  a  brown  precipitate  is 
obtained,  having  the  composition  P'e.jO^.HoO,  which  is  insoluble  in  acids, 
but  soluble  in  water.  1  he  solution  gives  no  reaction  with  potassium  ferro- 
cyanide.  Another  soluble  hydroxide  is  produced  by  dissolving  the  ordinary 
precipitated  hydroxide  in  ferric  chloride,  and  subjecting  the  solution  to 
dialysis.  This  solution  is  employed  in  medicine  under  the  name  of  dialysed 
it  on. 

Ferroso-ferrie  Oxide,  Fe304,  occurs  native  as  magnetite  and 

viac^netic  oxide  of  iron ;  the  magnetic  variety  being  known  also 
as  locuistonc.  When  iron  is  heated  in  the  air,  the  black  film 
which  forms  (the  so-called  iron-scale  or  hammer^scale)  consists  of 
the  oxide  Fe30j,  with  more  or  less  ferric  oxide,  FcoOj,  upon  the 
outer  surface.  It  is  also  produced  when  steam  or  carbon  dioxide 
is  passed  over  heated  iron,  with  evolution  of  hydrogen  and  carbon 
monoxide  respectively,  these  reactions  being  the  reverse  of  those 
by  which  oxides  of  iron  are  reduced  by  hydrogen  or  carbon 
monoxide. 
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This  oxide  is  also  formed  as  a  black  precipitate  when  ammonia 
is  added  to  a  solution  containing  mixed  ferrous  and  ferric  salts,  and 
the  mixture  gently  warmed. 

Ferrates. — These  compounds  correspond  to  the  manganates, 
but  neither  the  acid  H,Fe04  nor  the  oxide  FeOs  are  known. 
Potassium  ferrate,  K2FCO4,  is  formed  when  chlorine  is  passed 
through  a  solution  of  potassium  hydroxide  in  which  ferric  hydroxide 
is  suspended. 

FEBBOUS  SALTS. 

Ferrous  Chloride,  FeClj. — The  anhydrous  compound  is  ob- 
tained by  heating  iron  wire  in  gaseous  hydrochloric  acid,  when  the 
salt  sublimes  in  the  form  of  white  deliquescent  crystals.  In  aqueous 
solution  it  is  obtained  when  iron  is  dissolved  in  hydrochloric  acid, 
and  is  deposited  in  pale  blue-green  crystals  of  FeCl2,4H20. 

When  heated  in  the  air  it  is  converted  into  ferric  oxide  and 
chloride,  the  latter  volatilising — 

6FeClj  +  30  =  FejOa  +  2FeCl3. 

When  volatilised  in  an  atmosphere  of  hydrochloric  acid  its 
vapour-density  at  high  temperatures  corresponds  to  the  formula 
FeClj  ;  at  lower  temperatures  it  lies  bbtween  the  values  required 
for  FeClj  and  Fe2Cl4. 

When  strongly  heated  in  a  current  of  steam  it  is  decomposed  as 
follows — 

3FeCl2-|-4H20  =  Fe304-t-H2 +  6HC1. 

Ferrous  Sulphate  {green  vitriol)^  Y^SO^.IUJO,  is  obtained 
when  iron  is  dissolved  in  sulphuric  acid.  It  is  prepared  on  a 
large  scale  by  exposing  heaps  of  iron  pyrites,  FeSj,  to  the  action 
of  air  and  moisture.  The  liquor  which  drains  away  contains 
ferrous  sulphate  and  sulphuric  acid,  and  the  latter  is  converted 
into  ferrous  sulphate  by  the  introduction  of  scrap  iron. 

Ferrous  sulphate  forms  pale  green  monosymmetric  crystals, 
which  effloresce  on  exposure  to  the  air.  They  are  soluble  in  water 
to  the  extent  of  70  parts  in  100  parts  of  water  at  15%  and  370  parts 
in  100  parts  at  90".  At  100*  the  crystals  lose  6H2O,  being  con- 
verted into  FeS04,H20. 

If  a  crystal  of  zinc  sulphate  be  thrown  into  a  supersaturated 
solution  of  ferrous  sulphate,  the  iron  salt  is  deposited  in  rhombic 
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prisms  (isomorphous  with  zinc  sulphate).  On  the  other  hand,  if  a 
crystal  of  copper  sulphate  be  added,  asymmetric  (triclinic)  crystals 
of  FeS04,r)H.^0  (isomorphous  with  copper  sulphate)  are  formed. 

Ferrous  sulphate  forms  double  salts  with  the  sulphates  of  the 
alkalies.  Thus,  when  mixed  with  ammonium  sulphate  in  the  re- 
quisite proportions,  ammonium  ferrous  sulphate,  FeS04,(NH4)jS04, 
GHoO,  is  obtained.  This  salt  is  less  readily  oxidised  on  exposure 
to  air  than  ferrous  sulphate  itself. 

Ferrous  salts  give,  with  potassium  ferrocyanide  (K4Fe(CN)j, 
or  4KCN,Fe(CN)2),  a  white  precipitate  of  potassium  ferrous  ferro- 
cyanide (FeK2Fe(CN)g,  or  2KCN,2Fe(CN)2).  The  precipitate  is 
quickly  oxidised,  and  becomes  blue.  With  potassium  ferricyanide 
(K3Fe(CN)Q,  or  3KCN,Fe(CN)3),  ferrous  salts  yield  a  blue  pre- 
cipitate of  ferrous  ferricyanide  {TurnbulPs  blue)  (Fe3{Fe{CN)g}2,  or 
3Fe(CN)2,2Fe(CN)3),  thus— 

3FeS04  +  2K3Fe(CN)o  =  Fe3{Fe(CN)u}.4-3K2S04. 


FERRIC   SALTS. 

Ferric  Chloride,  FeCla,  is  prepared  in  the  anhydrous  state  by 
piissing  dry  chlorine  over  heated  iron  wire.  In  solution  it  may 
be  obtained  by  dissolving  iron  in  aqua  regia;  or  ferric  oxide  in 
hydrochloric  acid.  The  anhydrous  salt  forms  nearly  black  crystals, 
appearing  deep  red  by  transmitted  light.  It  readily  volatihses,  and 
at  temperatures  above  700°  the  density  of  its  vapour  corresponds  to 
the  formula  FeClg,  while  at  lower  temperatures  its  density  agrees 
more  nearly  with  the  formula  FeXl^. 

Ferric  chloride  is  extremely  deliquescent,  and  readily  dissolves  in 
water.  When  the  solution  is  slowly  evaporated,  yellow  cr>'stals  are 
deposited,  having  the  composition  FeX'](5J2Il20  (or  FeC]3,6H20). 
WhcMi  a  dilute  solution  of  ferric  chloride  is  boiled,  it  decomposes, 
forming  either  an  insoluble  oxychloride  or  a  soluble  hydroxide  and 
free  hydrochloric  acid  (depending  upon  the  strength  of  the  solution). 

Ferric  Sulphate,  P'e2(S04)3,  is  prepared  by  the  addition  of  sul- 
phuric or  nitric  acids  to  a  solution  of  ferrous  sulphate — 

GFcS04  +  3H.S04  +  *2HN03-:^NO  +  4H.p  +  3Fe,,(S04)3. 

The  brown  solution,  on  evaporation,  leaves  the  anhydrous  salt 
as  a  white  mass.     When  the  recjuisitc  cjuanlity  of  potassium  sul- 
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phaie  is  dissatved  in  a  stimi);  solution  of  ferric  sulphate  &<  c 
ihc  rioiiblc  {totassium  iron  sulphnip  (iron  alum),  KiSO„Fe/SO,)„ 
iMUjiJ,  Hcpuraies  out  in  the  fomi  of  violet  octahedrons. 

fcrrir  mII*  give,   with  potassium  fcmKyanidc  (K,f'c(CN)|„  o 
-IKCN,Fc(CN),),  »  dark   blue   precipitate   of  ferric   ferrocyanid 
(Pmssian  blut),  <Fc(CN^Fc(CN)0  or  Fe,iFc(CNV,~ 
lFcC!,+3K,Ke(CN),-Fe,!Fe<CN),j,+12Ka 

With  poiHssium  fcrricyanidc  ferric  sails  nive  no  precipiuic. 

SULPHIDEB  OF  DtON. 

Ferrous  Sulphide,  FcS.— When  a  whUi-Kol  kit  of  wrousht 
iron  is  dipped  into  iiidted  sulphur,  the  elements  unite  ;  and  lh<: 
nadily  bsiible  monosulphide  of  iron  falls  \o  the  bouoin.  It  may 
be  pnipnrcd  by  throwing  into  a  redhol  crucible  n  mixiure  of  iron 
Ulinj^s  and  sulphur.  So  obtained,  it  Is  a  dark,  yellowish-grey, 
metallic -lookin);  mass.  When  heated  out  of  coniaa  with  air,  it 
docs  not  part  with  sulphur,  but  in  the  presence  of  air  is  converted 
)  ferric  oxide  and  sulphur  dioxide  Ferrous  sulphide  is  pre- 
ripitaied  from  either  ferrous  or  ferric  solutions,  by  alkaline  sul- 
phides, as  a  black  amorphous  powder,  which  in  the  moist  sinle  i: 
quickly  oxidised  bj'  the  air.  Dilute  sulphuric  add,  or  hydrochloric 
acid,  decomposes  ferrous  sulphide,  with  evolution  of  sulphuretted 
hydrogen. 

Iron  Sfisqulsulphlde,  Fr,.S„  is  fanned  when  c([u.-il  wci|{hls  of 
Ton  and  sulphur  arc  healed  lo  a  niodertite  teinper.ilurc.     It  can- 
Dot  be  obtained  by  precipitation  from  n  ferric  sail,  as  the  product 
•o  formed  consists  of  ferrous  sulphide  and  sulphur — 
Fe,CI,4^3(NH,),S  =  (iNH,a-h2FeH  +  S. 

It  is  a  yellow,  metallic- look  in  i;  solid,  which  is  dttoniposcil  by 
dilute  hydrocliloric  arid,  yieldini;  sulphuretted  hydrogen. 

Ferrio  Dlsulphlde,  FeS,  occurs  in  uftiurc  in  large  qiuintities  as 
mm  fiyri/ii,  sometimes  In  the  massive  condition,  and  at  others  in 
the  form  of  brass-yellow  cubical  crystids.  In  many  c.iscs  the 
lativc  compound  bc.irs  ihe  impression,  or  assiinies  the  shajie, 
)f  various  organised  foniis,  such  as  wood,  animonilcs,  &c,,  llie 
niiicnd  having  been  formed  by  the  ledurin^  action  of  the  organic 
matter  upon  ferrous  sulphate  in  solution.  Ferric  disulpliide  is 
kiso  finund  in  the  Ibmi  of  bms^-tikc,  rhombic  crystals  ia  riutiaUd 
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The  compound  may  be  prepared  by  heating  to  a  low  red  heat 
a  mixture  of  ferrous  sulphide  and  sulphur. 

Ferric  disulphide  is  unacted  upon  by  dilute  acids  :  hot  con- 
centrated hydrochloric  acid  decomposes  it,  with  liberation  of  sul- 
phur and  sulphuretted  hydrogen.  When  heated  in  hydrogen, 
sulphur  is  evolved  (which  partly  combines  with  the  hydrogen), 
and  ferrous  sulphide  remains.  When  heated  in  the  air,  ferric 
oxide  and  sulphur  dioxide  are  formed. 

Ferroso-ferric  Sulphide  {magnetic  pyrites),  Y^^^  occurs  in 
the  form  of  hexagonal  crystals.  Like  the  corresponding  oxide, 
this  compound  is  attracted  by  the  magnet,  and  is  itself  sometimes 
magnetic. 

COBALT. 

Symbol,  Co.     Atomic  weight  =  59.0. 

Occurrence. — With  the  exception  of  small  quantities  present  in 
meteoric  iron,  cobalt  is  not  found  uncombined  in  nature.  Its 
chief  natural  compounds,  which  are  only  sparsely  distributed,  are 
speiss-cobalt,  or  smattine,  CoAso ;  cobalt  glance,  CoAsS,  in  both  of 
which  the  cobalt  is  partially  replaced  by  nickel  and  iron  ;  and 
cobalt-bloom,  Co3(As04)q,8 H .^O. 

Modes  of  Formation.— Cobalt  is  obtained  by  reducing  the 
oxide,  or  the  chloride,  in  a  stream  of  hydrogen,  or  by  strongly 
heating  cobalt  oxalate  in  a  closed  crucible. 

Properties.— Cobalt  is  an  almost  white,  hard  metal,  which, 
when  polished,  resembles  nickel,  but  is  slightly  bluer.  It  is 
malleable,  and  when  heated  is  very  ductile.  Like  both  iron  and 
nickel,  it  is  attracted  by  the  magnet ;  but  unlike  these,  it  retains 
this  property,  even  at  a  red  heat.  In  the  massive  form,  cobalt  is 
unacted  upon  by  the  air  ;  but  the  finely-powdered  metal,  obtained 
by  the  reduction  of  the  oxide  in  hydrogen,  rapidly  oxidises  on 
exposure  to  the  air,  sometimes  with  incandescence.  When  heated 
in  the  air,  it  forms  the  oxide  C03O4.  Cobalt  decomposes  steam  at 
a  red  heat,  yielding  cobaltous  oxide,  CoO. 

Oxides  of  Cobalt. — Three  oxides  of  cobalt  are  recognised, 
namely,  cobaltous  oxide,  CoO  ;  cobaltic  oxide,  CooOy  ;  and  cobalto- 
cobaltic  oxide,  Co.,04. 

Four  other  oxides  are  known,  which  are  regarded  as  conii)Ouiids  of  the  two 
first,  having  the  comi)osition  'iCoCCo.jOj;  3CoO.C'aj03 ;  4CoO,Coa03; 
0CoO,Ca2O3. 
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The  monoxide.  CoO,  is  basic,  anU  yields  the  coballous  salts. 
The  scsquioxide,  Ca,0„  is  feebly  basic,  fonning  only  unliable 
s.ilts.  Suble  double  salts,  however,  cotretponding  to  this  oxide 
are  known. 

Cobaltous  Oxide  icndalt  moHoxitd),  CoO.  is  formed  when  the 
sesquioxide  is  heuted  lo  redness  in  a  stream  of  carbon  dioxide,  or 
gently  healed  in  faydrogea  It  is  nlst)  obtained  when  the  carbo- 
nate or  hydroxide  is  heated  in  the  absence  of  nir.  It  forma  »  drib' 
coloured  powder,  which  is  unacted  upon  by  the  air.  but  when  heated, 

Eferms  CojO^.     When  hcatrd  in  either  hydrogen  or  carbon  nion- 

Imed  to  melallic  colialt. 
:  Cobaltous  Hydroxldfi,  Co(MO)r— When  potassium  hydroxide 
y  added  to  a  sutuiion  of  a  cobaltous  salt,  a  blue  busic  hydrate  is 
icipitated.  which,  on  boiling,  is  converted  into  the  pink  hydroxide 
l>(HO}f  It  turns  brown  on  exposure  to  the  air,  by  the  absorp- 
n  of  oxygen.  Doth  the  oxide  and  hydroxide  are  really  soluble 
icids.  giving  cobaltous  salts. 
CObaltlc  Oxille  (iobtilt  .irtfuiaxid^),  Co,0„  is  obtained  by  cnre- 
fully  healin);  cobaltous  nitrate  until  red  fumes  cease  to  be  evolved. 
1  dark  grey  powder,  which,  when  strongly  heated,  is  con- 
into  the  intt^nnediate  black  oxide,  Co^O*.  Cobaltlc  nxide 
I'cs  in  cold  acids,  forming  brawn  solutions,  which  contain 
tnsiable  cubaltic  salts.  When  warmed,  these  are  converted  into 
i,  with  evolution  of  oxygen  In  the  case  of  oxy-salts, 
of  the  halogen  from  haloid  salts.  This  ses(|uioxidc,  therefore, 
a  peroxide, 
'  Coballie Hydroxide,  Co^HO)„orCOi,0„3H(0,isohiaincd.isa 
nearly  black  precipitate,  by  the  addition  of  an  alkaline  hypochlorite 
to  a  cobaltous  salt.     With  acids  it  behaves  as  the  oxide. 

CobaltO'Cobaltic  Oxide,  Co,0,„  is  foimed  as  a  black  powder, 
.when  the  sesquioxide  is  strongly  heated  in  air. 


COBALTOtrS  SALTS. 

[  Cobaltous  Chloride.  CoClr— When  the  carbonate,  or  any  of 

S  oxides,  arc  dissolved  in  hydrochloric  acid,  the  concentrated 
1  deposits  dark  red  prisms  (monosymmetric),  having  the 
mposiiion  Cv>C!j,(iH,0.  When  exposed  over  sulphuric  acid,  ihcy 
:  4H,0,  and  are  converted  into  a  roscred  salt.  CoCl„2H,0, 
1  nabwfbs  Bwistuic  from  the  air  to  Ibnn  Uw  hCKabydrate. 
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When  the  dihydrate  is  heated  to  about  loo^,  it  is  converted  into 
violet-blue  crystals  of  CoClj,!!,©  ;  and  at  120"  it  becomes  an- 
hydrous, and  is  blue.  The  blue  salts,  on  exposure  to  the  air, 
rapidly  rehydrate  themselves,  and  become  pink. 

Cobaltous  chloride  dissolves  in  alcohol,  giving  a  deep  blue  s<du- 
tion,  which,  on  the  addition  of  water,  also  becomes  pink.  This 
property  of  forming  pink  hydrated  salts,  which  become  blue  or 
green  when  nearly  or  quite  anhydrous,  is  common  to  most  cobal- 
tous salts.  Thus,  the  iodide  Col2,6H20  forms  rose-coloured 
crystals.  When  gently  heated,  it  changes  to  a  moss-green  salt, 
Col2,2H20,  which,  when  dehydrated,  becomes  nearly  black. 

Cobaltous  Sulphate,  CoS04,7H40,  is  obtained  by  dissolving 
the  carbonate  or  oxides  in  sulphuric  acid,  and  is  deposited  from 
the  solution  in  dark  red  crystals,  isomorphous  with  ferrous  sul- 
phate. Cobalt  sulphate,  like  the  sulphates  of  iron  and  nickel, 
forms  double  salts  with  alkaline  sulphates,  of  which  cobalt  potas- 
sium sulphate,  CoS04,KoS04,()H20,  is  the  best  known. 

Cobaltic  Salts. — Single  salts  corresponding  to  cobalt  sesqui- 
oxide  are  unstable,  and  exist  only  in  solution.  More  stable  double 
salts  are  known.  Thus,  when  potassium  nitrite  is  added  to  an 
acetic  acid  solution  of  cobalt  chloride,  a  yellow  cr>'stairme  precipi- 
tate is  obtained,  consisting  of  the  double  nitrite  of  cobalt  and 
potassium — 

2CoCl2  +  10KNO2  +  4HNO2  =  Co2(NO2)6,r)KNO2-f 

2NO4-4KCI  +  2H2O. 

The  formation  of  this  compound  is  niAcle  use  of  for  sep>arating  cobalt  from 
nickel,  the  latter  element  yielding  no  corresponding  double  nitrite.  In  the 
presence,  however,  of  salts  of  barium,  strontium,  or  calcium,  nickel  forms, 
with  j><)t;issium  nitrite,  triple  salts,  such  as  Ni(NO.j)o,Ba(N0.2)o,2KNO.jj,  which 
are  precipitated  as  yellow  crystalline  powders.  Hence,  in  the  presence  of 
metals  of  the  alkaline  earths,  nickel  and  colxUt  cannot  be  separated  by  this 
method. 

SULPHIDES  OF  COBALT. 

Cobaltous  Sulphide,  CoS,  is  obtained  by  heating  cobaltous 
oxide  with  sulphur,  or  by  fusing  a  mixture  of  cobalt  sulphate, 
barium  sulphide,  and  common  salt.  It  forms  bronze-coloured 
crystals,  which  are  soluble  in  strong  hydrochloric  acid.  Cobalt 
sulphide  is  precipitated  as  a  black  amorphous  powder  when 
aininonium  sulphide  is  added  to  a  cobalt  solution.  The  precipi- 
tate slowly  dissolves  in  dilute  mineral  acids,  but  is  insoluble  in 
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acetic  acid.  When  heated  in  a  stream  of  sulphuretted  hydrogen, 
it  yields  the  scsquisulphide  C02S3  ;  and  if  mixed  with  sulphur,  and 
heated  in  a  current  of  hydrogen,  it  forms  the  disulphide  CoSg. 

Cobaltamines  (ammoniacal  cobalt  compounds*).  Cobalt  forms 
a  large  number  of  complex  ammoniacal  salts.  A  few  of  these 
contain  the  metal  in  the  divalent  condition,  and  are  known  as 
ammonio-cobalious  salts;  but  by  far  the  larger  number  contain 
the  hexavalent  double  atom  Co,,  and  are  termed  ammonio-cobaltic 
compounds,  '  These  compounds  are  classified  as  follows  +  : — 

AmmozilO-OolMdtOiU  Salts  are  formed  by  the  absorption  of  gaseous  am- 
monia by  anhydrous  cobaltous  salts,  or  by  dissolving  the  salts  in  strong 
aqueous  ammonia,  with  exclusion  of  air.  In  this  way  the  following  salts  have 
Ijeen  obtained  — 

i-  i-1   flxiu     /  which,  at  120*,  is  converted 
Ammonio-oobaltous  chloride,  CoCIq.oN Ms    i      into  C'oCL  2NH 

Ammonio-cobaltous  sulphate,  CoS04,6NH3, 
Amnionio-cobaltous  nitrate,  Co(N03)2,6NHs,2HaO. 

Ammonio-OolMdtlo  Salts. — These  may  be  arranged  under  the  following 
classes  and  subdivisions  : — 

I.  Hfxammonio  Salts. — General  formula,  Coa(NH3)j*R<,  where  R  equals 
a  monacid  radical,  or  its  equivalent  of  di  or  tri  acid  radicals. 


Examples 


'  Hexammonio-cobaltic  chloride  {dichro-cohaltic  chloride) 

Co./(NH,)«-Cl.,2H20. 
,  Hexammonio-cobaltic  sulphate,  Ca|'(NH3)j,*(S04)8,6HjO. 


I  r.   Oi'tammonio  Salts — 

(a.)  PraseoX  Salts.— General  formula,  Coa*(NH3)8-Ra. 


I 


Praseo-cobaltic  chloride,  Co2(NH3)j,*Cl5,2HaO. 
/tramples  -[  Praseo-cobahicchloro-nitrate,Co5,(NH3)g-Cl4'(N03).2, 
2HaO. 


ip.)  Fusco  Salts.     General  formula,  Co2(NH8)8(HO)2R4. 

'  Fusco-cobaltic  chloride.  Caj(NH3)8(HO)2-Cl4,2H20. 
Examples      Fusco-cobaltic    sulphate,   0>2(NH3)s(HO).2-(S04)a, 
I      2H2O. 


•  For  details  respecting  the  preparation  and  properties  of  these  salts  the 
student  is  referred  to  larger  works. 

f  On  the  constitution  of  metallammonium  compounds  generally,  see  Werner, 
/.eitschrift  fiir  Anorganische  Chemie,  1893,  vol.  iii, 

X  These  names  denote  the  characteristic  colours  of  the  salts,  thus— /rojiwwjr, 
leek-green  ;  fuscus,  swarthy  ;  crocus,  yellow,  &c. 
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(7.)  Croceo  Salts, — General  formula,  Co2(NHj)8(N02)4*R2. 

Examples   f  Croceo-cobaltic  chloride.  Co2(NHj)8(N02)4-Clj. 
^        \  Croceo-cobaltic  sulphate,  Co2(NH8)8(NO,)4-S04. 

III.  Decammonio  Salts — 

(a.)  Rosea  Salts. — General  formula.  Caj(NH3),o(H20)2Rf. 

'  Roseo-cobaltic  chloride.  Co2(NHs)io(HaO)j|Cle. 
Examples-   Roseo-cobaltic  sulphate,   Coa(NH,)io(H^)9-(S04),, 
.     3H2O. 

(/3.)  Purpurea  Salts.— General  formula,  Co2(NH3}ioX2R4 

(where  X  and  R  are  either  the  same  or  different  add  radicals). 

{Chloro-purpureo-cobaltic  chloride,Co2(NHj)ipClj-04. 
Chloro-purpureo-colxiltic  sulphate,  Co3(NHj)|pCI|* 
(804)3. 
Bromo  -  purpureo  -  cobaltic    nitrate,    Cog(NH^|oBr]' 
(NO,)4. 

(7.)  Xantho  Salts. — General  formula,  Co3(NH3)io(N02).2*R4. 

(  Xanthocoballic  chloride,  C(v(NH;,)2o(N02)2-Cl4. 
Examples  \  Xantho-coballic    bromo-nilrate,   Co2(NHj)i0(NO2)"' 
I      Br./(N03)o. 

IV.  Oxy-derammonio  Salts. -Xrenera]  formula,  Co2(NH3),0R4*X'O(HO) 

(where  X  is  either  (MO)  or  an  acid  radical  either  the  same  as, 

or  dififerent  from,  R). 

/Oxy-decammonio  colxiltic  chloride.  Co2(NHs)ioCl4* 

F.amp/.-s  J      ("O)O(IIO). 

I  Anhydro  -  oxy  -  decammonio    col)alt   -chloride, 
[     Co._,(NH3),oCl4CL/0(nO). 

V.  Dodeca mmori to  Salts  (\uiQO-cohn\Uc  salts).  —General  rormula,C'o2(HN3)]2R«. 

,,  .         .      fLuteo-cobaltic  chloride,  Co2(NIl3)j2Cl||. 

I  Luteo-coballic  sulphate,  Co.j(NH3)j2(S04)jj,5H20. 

When  cobalt  compounds  are  fused  with  borax,  a  clear  blue 
vitreous  mass  is  obtained,  which  contains  a  borate  of  cobalt.  A 
similar  blue  colour  is  imparted  to  ordinary  potash  glass  when  a 
small  quantity  of  a  cobalt  salt  is  added  to  the  molten  material, 
owing  to  the  formation  of  a  silicate  of  cobalt.  Under  the  name 
of  smalt ^  this  substance  has  been  manufactured  for  use  as  a  pig- 
ment, by  fusing^  the  roasted  cobalt  ore  with  quartz  sand  and  pearl- 
ash.  The  fused  mass  of  deep  blue  glass  is  then  finely  ground 
beneath  water. 
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NICKEL. 

S3rmbol,  Ni.     Atomic  weight  =  58. 7. 

Oeeurrenee. — Nickel  occurs  chiefly  in  combination  with  arsenic 
as  kupfer  nickel,*  NijAs,  ;  white  nickel,  NiAsj;  nickel  glance, 
NijCAsS)^,  also  as  nickel  blende,  NiS.  Nickel  ore  almost  invari- 
ably contains  cobalt,  and  frequently  antimony  and  bismuth. 

Modes  of  Formation. — Nickel  is  obtained  by  reducing  the 
oxide  with  carbon  at  a  high  temperature.  It  may  be  obtained  as  a 
black  powder  by  reducing  nickelous  oxide  in  a  stream  of  hydrogen, 
or  by  heating  nickelous  oxalate  out  of  contact  with  air.  It  is  also 
obtained  as  a  lustrous  coherent  deposit  by  the  electrolysis  of  an 
ammoniacal  solution  of  the  double  sulphate  of  nickel  and  ammonia. 

Nickel  in  a  high  state  of  purity  is  now  being  made  on  a  com- 
mercial scale  by  what  is  known  as  the  "  Mond's  "  process.  This 
consists  in  passing  carbon  monoxide  over  gently  heated  nickel 
oxide,  whereby  the  nickel  is  first  reduced  and  is  then  taken  up  by 
the  carbon  monoxide  to  form  nickel  carbonyl,  Ni(C0)4  (see  p.  299). 
This  volatile  compound  is  then  passed  through  tubes  which  are 
more  strongly  heated,  which  causes  the  corhpound  to  decompose 
into  carbon  monoxide  (which  can  be  again  utilised)  and  metallic 
nickel.  In  this  way  the  metal  is  deposited  in  the  form  of  a  coherent 
solid,  entirely  free  from  cobalt,  with  which  nickel  is  always  associated 
in  its  ores. 

Properties. — Nickel  is  a  lustrous  white  metal,  with  a  faint 
yellow  tinge  when  compared  with  silver.  It  is  ductile  and  malle- 
able, and  at  the  same  time  very  hard  and  tenacious.  It  is  sus- 
ceptible of  a  very  high  polish.  Nickel  is  attracted  by  the  magnet, 
but  loses  this  property  when  moderately  heated.  When  obtained 
by  reduction  with  charcoal,  the  metal  contains  a  certain  amount  of 
carbon  (like  cast  iron),  which  renders  it  less  malleable,  and  when 
produced  by  reduction  of  the  oxalate  at  a  low  temperature  the 
powder  is  pyrophoric. 

In  the  massive  form,  nickel  is  unacted  upon  by  moderately  dry 
air,  but  in  moist  air  it  tarnishes,  and  becomes  covered  with  a  film 

•  Kuffer  nickel  signifies  the  false  copper,  and  was  applied  by  the  Germans 
in  the  Middle  Ages  to  this  ore,  which  resembled  a  copper  ore,  because  they 
tried  in  vain  to  extract  copper  from  it.  It  is  probable  that  this  ore  had  been 
smelted  along  with  copper  ores,  under  the  belief  that  it  contained  copper,  by 
the  earry  ancients.  Thus,  a  coin,  335  B.C.,  has  been  found  to  contain  30  per 
cent,  of  nickel. 
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of  nickelous  oxide.  It  decomposes  steam  only  slowly  at  a  red 
heat,  and  is  slowly  attacked  by  dilute  hydrochloric  or  sulphuric 
acid  (contrast  iron). 

Nickel  is  largely  used  for  electro-plating  iron  and  steel  articles. 

Nickel  Alloys. — With  copper,  and  with  copper  and  zinc,  nickel 
furnishes  several  important  alloys.  The  small  coinage  in  use  in 
Belgium,  Germany,  and  the  United  States  consists  of  i  part  of 
nickel  and  3  parts  of  copper ;  while  the  so-called  German  silver^ 
or  nickel-silver^  contains  in  addition  about  1.5  part  of  zinc. 

Oxides  of  Nickel. — Three  oxides  of  nickel  have  been  obtained, 
namely,  nickelous  oxide,  NiO  ;  nickelic  oxide,  Ni^Os  ;  and  nickelo- 
nickelic  oxide,  Ni304.     The  first  alone  is  basic. 

Nickelous  Oxide  (nickel  monoxide\  NiO,  is  obtained  as  a 
greenish  powder  by  heating  nickel  carbonate  or  hydroxide  out  of 
contact  with  air.  It  is  dissolved  by  acids  yielding  nickel  salts. 
When  heated  in  hydrogen  or  carbon  monoxide  it  is  readily  re- 
duced to  the  metallic  state. 

Nickelous  Hydroxide,  Ni(HO)2,  is  obtained  as  a  pale  green 
precipitate  when  potassium  hydroxide  is  added  to  a  solution'  of  a 
nickel  salt  ;  the  precipitate  has  the  composition  4Ni(HO)^,H20. 
When  strongly  heated  it  is  converted  into  nickelous  oxide  and 
water.  It  is  readily  soluble  in  acids,  forming  the  nickel  salts,  and 
it  also  dissolves  in  ammonia  and  in  solutions  of  ammonium  salts. 

Nickel  Sesquioxide,  Ni^Os,  is  obtained  as  a  black  powder 
when  the  nitrate  is  decomposed  by  heat  at  the  lowest  temperature. 
With  hydrochloric  acid  and  sulphuric  acid  it  behaves  like  a  per- 
oxide, yielding  nickel  salts,  with  the  elimination  of  chlorine  and 
oxygen  respectively— 

Ni..O,  +  GHCl     =2NiCl2  +3H.,0  +  Cl2. 
Ni203-f2H2S04  =  2Nis64  +  2>H20  +  0. 

It  is  soluble  in  ammonia,  with  evolution  of  nitrogen — 

2Ni203  +  2NH3  =  6Ni(HO)2  +:Ul20  +  N2. 

Hydrated  Sesquioxide  of  Nickel,  Ni.CIIO,.),  or  Ni203,3H20. 

When  chlorine  is  passed  throuj^'h  water  or  sodium  hydroxide,  in 
which  nickelous  hydroxide,  Ni(HO)2,  is  suspended,  a  black  powder 
is  obtained  having  the  composition  NijOaj.^HyO.  The  same  com- 
pound is  obtained  when  a  nickel  salt  is  added  to  a  solution  of 
bleac  hing-ix)wder.  In  contact  with  acids  and  ammonia  it  behaves 
like  the  oxide. 


Nickelous  Sulphide  689 

Nickelo-nickeliC  Oxide,  NI3O4,  is  obtained  as  a  grey  metallic- 
looking  mass,  when  nickel  chloride  is  heated  to  about  400°  in  a 
stream  of  oxygen. 

Nickel  Salts. — Nickel  forms  only  one  scries  of  salts,  corre- 
sponding to  the  monoxide.  In  the  anhydrous  state  these  are 
usually  yellowish,  while  in  the  hydratcd  condition  they  are  green. 

Nickel  Chloride,  NiClj,  is  obtained  as  a  yellow  amorphous 
mass,  by  dissolving  the  oxide  or  carbonate  in  hydrochloric  acid, 
and  evaporating  the  solution  to  dryness.  When  heated  in  a 
current  of  chlorine  it  sublimes  in  the  fonn  of  lustrous  golden 
yellow  scales,  which  dissolve  in  water,  forming  a  green  solution. 
From  the  aqueous  solution,  green  cr>'stals  of  the  composition 
NiClx,6H30  are  deposited. 

Anhydrous  nickel  chloride  absorbs  gaseous  ammonia,  forming  the 
compound  NiClajBNHs,  which  when  deposited  from  an  aqueous 
solution  forms  blue  octahedrons. 

Nickel  Sulphate,  NiSOiJHjO,  is  produced  when  the  metal, 
the  carbonate,  or  the  oxide  is  dissolved  in  dilute  sulphuric  acid, 
and  the  concentrated  solution  is  allowed  to  crystallise  at  the  ordi- 
nary temperature.  It  forms  green  crystals,  isomorphous  with 
magnesium  sulphate.  When  heated  to  100'*  the  crystals  lose 
6H2O,  and  above  300*  the  salt  becomes  anhydrous.  The  anhy- 
drous salt  absorbs  gaseous  ammonia,  being  converted  into  a  pale 
violet  powder  having  the  composition  NiS04,nNH3.  When  nickel 
sulphate  is  dissolved  in  strong  aqueous  ammonia,  the  solution 
deposits  dark  blue  quadratic  crystals  of  NiS04,4NH3,2H20. 

With  sulphates  of  the  alkalies,  nickel  sulphate  forms  double 
salts,  of  which  the  ammonium  salt  is  the  most  important,  NiSOi, 
(NH4)2S04,6H20.  It  is  obtained  by  mixing  concentrated  solu- 
tions of  the  two  sulphates  in  the  requisite  proportions.  This  salt 
is  employed  in  the  process  of  nickel-plating. 

Nickelous  Sulphide  {nickel  monflsuiphiiU\  NiS,  occurs  as  the 
mineral  capillary  pyrites.  It  is  obtained  as  a  bronze-like  mass, 
insoluble  in  hydrochloric  acid,  by  heating  sulphur  and  nickel 
together.  In  the  hydrated  condition  nickel  sulphide  is  precipitated 
as  an  amorphous  black  powder,  on  the  addition  of  ammonium 
sulphide  to  a  nickel  salt.  The  precipitate  is  scarcely  soluble  in 
hydrochloric  acid,  but  partially  dissolves  in  excess  of  ammonium 
sulphide,  forming  a  brown  solution.  Three  other  sulphides  have 
been  obtained,  having  the  composition  NigS,  NiS.„  and  Ni3S4. 

2  X 


CHAPTER  XIV 

THE  TRANSITIONAL  ELEMENTS  OF  THE  SECOND 
AND  FOURTH  LONG  PERIOD 

Rutfunium^  Ru =101.7.  Rhodium,  Rh  =  xo3.  Palladium,  106. 

Osmium,  Os=i9i.  Iridium.  Ir=X93.  Platinum,  194.8. 

These  elements,  although  constituting  two  transitional  groups,  are  very  closely 
related  to  each  other.  In  nature  they  all  occur  associated  together  in  what  is 
commonly  known  as  platinum  ore,  and  they  are  on  this  account  usually  sp>oken 
of  as  the  platinum  metals. 

Platinum  ore,  or  native  platinum,  Qontains  all  these  elements  in  the  metallic 
state.  It  is  found  in  small  grains,  sometimes  in  nuggets,  in  alluvial  deposits  and 
river  sand,  principally  in  Brazil,  Borneo,  California,  Australia,  and  the  Urals. 
Native  platinum  contains  from  60  to  86  per  cent,  of  platinum,  the  remainder 
consisting  of  the  other  five  metals  of  the  group,  together  with  varying  quan- 
tities of  gold,  copper,  and  iron.  Amongst  the  grains  of  platinum  ore  there 
are  also  found  grains  which  consist  essentially  of  an  alloy  of  platinum  and 
iridium  (containing  from  30  to  75  per  cent,  of  iridium)  known  as  platin- 
iridium :  and  also  particles  of  an  alloy  of  osmium  and  iridium  (called  osmiri- 
dium),  which  contain  from  30  to  40  per  cent,  of  osmium,  as  well  as  small 
ciuantiiies  of  rhodium  and  ruthenium. 

They  are  all  white  lustrous  metals,  having  high  melting-points.  They  arc 
unacted  upon  by  air  or  oxygen  at  ordinary  temperatures  ;  and,  with  the  excep- 
tion of  osmium  (which  burns  when  strongly  heated,  forming  the  tetroxide), 
they  are  scarcely  oxidised  by  oxygen  at  any  temperature. 

With  the  exception  of  palladium,  which  readily  dissolves  in  hot  nitric  acid, 
these  metals  are  unacted  upon  by  ordinary  acids.  Aqua  regia  converts 
osmium  into  the  tetroxide ;  it  dissolves  platinum  with  formation  of  the  tetra- 
chloride, and  slowly  acts  upon  ruthenium,  but  is  without  action  upon 
rhodium  and  iridium. 

The  specific  gravities  of  the  metals  of  the  first  group,  although  very  close  to 
one  another,  are  widely  different  from  those  of  the  second  group ;  and  it  will 
be  seen  that  the  specific  gravities  fall,  with  increasing  atomic  weights,  thus — 

Ru,  sp.  gr.  =  12.26.  Rh,  sp.  gr.  =  12.1.  Pd,  sp.  gr.  =  11.4. 

Os,      ,,       =22.47.  Ir,        „      =22.38.  Pt,       ,,       =21.5. 

The  element  osmium  is  the  heaviest  known  sub'^tance. 

The  most  easily  fusible  of  these  metals  is  palladium,  which  melts  about  the 

temjjerature  of  wrought  iron.     The  melting-point  of  platinum  is  somewhat 

higher,  but   it   may  be  boiled  by  the  oxyhydrogen   flame.      Rhodium  and 
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iridium  come  next  in  order  of  fusibility,  the  latter  metal  being  just  fusible  by 
the  oxyhydrogen  flame,  while  ruthenium   has  a  still   higher  melting-point. 
Osmium  has  not  been  melted.     When  heated  to  the  melting-point  of  iridium, 
osmium  volatilises ;  and  if  air  be  present,  it  burns. 
The  following  oxides  of  these  metals  are  known — 


RuO 

OsO 

RhO 

- 

Pdp 
IMO 

PtO 

RuaO, 

RuOa 

RUO4 

Os/), 

OsO, 

OSO4 

RhaO, 
RhOa 

Ir/), 
IrIX, 

Pd0.j 

PlOj 

Ruthenium,  osmium,  rhodium,  and  iridium  form  salts  corresponding  to  the 
sesquioxide,  such  as  ruthenious  chloride,  Ru^Cl^;  rhodium  sulphate,  Rh^(S04)3: 
iridious  chloride,  Ir^Cl^ 

With  the  exception  of  rhodium,  they  all  form  chlorides,  corresponding  to 
the  dioxides,  thus— ruthenic  chloride,  RUCI4;  iridic  chloride,  Ir(l4;  platinic 
chloride,  PtCl4,  while  palladium  and  platinum  yield  palladojvj  and  platim^i/j 
Cfmipounds.  corresponding  to  their  monoxides. 

The  tetroxides  of  ruthenium  and  osmium  are  remarkable  in  melting  at 
an  extremely  low  temperature  (about  40**),  and  boiling  about  Ioo^  'Iliey 
yield  intensely  irritating  vapours,  which,  in  the  case  uf  osmium  tetroxide, 
exerts  a  most  injurious  effect  upon  the  eyes,  and  is  extremely  poisonous. 
(Osmium  tetroxide  is  commonly  known  as  osmic  acid. )  Osmium  and  ruthenium 
also  exhibit  a  non-metallic  character  in  forming  compounds  derived  from  the 
unknown  ruthenic  and  osmic  trioxides.  such  as  potassium  ruthenate,  KgRu04, 
and  potassium  osmate,  K3OSO4  (the  corresponding  ruthenic  and  osmic  acids 
are  unknown).  Ruthcniiun  also  forms  potassium  per-ruthenate,  KRUO4 
(analogous  to  permanganate),  although  the  corresponding  acid  and  peroxide, 
RugOw,  are  unknown.     The  most  important  of  these  elements  is  platinum. 


PLATXHUM. 
Symbol,  Pt    Atomic  weight  =194. 8. 

In  order  to  separate  platinum  from  the  other  metals  with  which 
the  native  platinum  (see  page  690)  is  mixed,  the  ore  is  digested  in 
dilute  €ujua  regia^  under  slightly  increased  pressure.  The  solution 
so  obtained  contains  the  higher  chlorides  of  platinum,  palladium, 
rhodium,  and  iridium  (for  although  in  the  pure  state  the  last  two 
named  metals  are  scarcely  attacked  by  aqua  regia^  when  alloyed  with 
much  platinum  they  dissolve).  The  solution  is  evaporated  to  dr>'- 
ness,  and  heated  to  125",  whereby  the  palladium  and  rhodium  are 
obtained  in  the  form  of  their  lower  chlorides,  PdClj  and  RhjClo 
(the  latter  of  which,  in  the  anhydrous  condition,  is  insoluble  in 
water).     The  residue  is  extracted  with  water,  and  to  the  clear  solu- 
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lion,  acidified  with  hydrochloric; 
The  double  chloride  of  platinum 
separates  out  as  yellow  crystals. 


chloride  is 

(pta„2NH 


tatetU|^_ 
ed  l^H 


while  the  correspfjnding  iridiain 
salt,  being  more  soluble,  remains  for  the  most  pan  in  solution. 
and  may  be  obtained  by  concentrating  the  mother-liquor.  Tlic 
ammonium  plaiinic  chloride,  on  being  ignited,  loses  aminoniutii 
chloride  and  chlorine,  leaving  the  metal  in  the  form  of  a  blark 
spongy  mass  known  as  spon^  platinum,  which  is  then  melted  by 
means  of  the  o^yhydrogcn  flame  in  a  lime  crucible.  The  plalinuin 
so  obtained  usually  contains  small  quantities  of  iridium  and  n 
of  associated  metals. 

Pure  platinum  is  obtained  by  alloying  commercial  plat 
with  pure  lead,  and  treating  the  alloy  lirst  with  nitric  acid,  wS 
dissolves  any  copper  and  iron,  a  part  of  the  palladium  and  rhodiu 
and  most  of  ihc  lead  ;  and  then  with  dilute  aijua  rtgiu,  which  i\ 
solves  the  uhole  of  the  platinum  and  the  remaining  lead,  v 
traces  of  rhodium.  From  this  solution  the  lead  is  predpitatei 
sulph.iic,  and  the  pl.itinum  i;  then  precipitated  as  the  dq| 
chloride,  by  ammonium  chloride.  To  remove  traces  of  rhoc 
which  are  present,  the  dried  double  chloride  is  ignited  '\ 
hydrogen  potassium  sulphate,  whereby  the  rhodium  is  coni'ertetl 
into  a  soluble  double  sulphate  of  rhodium  and  potassium,  u1i>: 
the  platinum  is  reduced  to  the  condition  of  the  spongy  metal. 

Ppoperties.— Platinum  is  a  lustrous,  greyish -white,  malleal'. 
and  ductile  metal.  At  a  red  heat  it  may  be  welded  with  );ti  > 
ease.  It  is  melted  by  the  oxyhydrogen  flame,  and  vesaels 
platinum  are  readily  made  by  fusing  the  metal  togclher  in  tli 
way.  Heated  platinum  absorbs  large  quantities  of  hydrr>u 
(see  page  179) ;  and  when  the  metal  is  melted  in  the  oxyhydf^i 
flame,  it  exhibits  the  phenomenon  of  "spitting,"  when  11  a^'.i: 
solidities  (see  Silver,  page  56:;),  Platinum  does  not  combine  "  1  : 
OKygen  at  any  temperature,  neither  does  the  heated  mclal  absm. 
this  gas  :  but  it  has  the  property,  when  cold,  of  condensing  oxy^' 
Upon  its  surface.  A  piece  of  dean  platinum  foil  or  wire,  v-h:- 
introduced  into  a  mixture  of  oxygen,  and  a  readily  intlamtn.ii'! 
gas  or  vapour  [such  as  hydrogen,  ether,  alcohol,  &c,),  causes  'tv 
combination  ;  and  occasionally  the  metal  becomes  ted  hot,  an 
ignites  [he  mixture.  This  action  is  mure  rapid  in  the  case  ui 
platinum  sponge,  when  a  larger  surface  is  brought  into  play,^ 
a  fragment  of  this  material  introduced  into  a  detonating  n 
of  oxygen  and  hydrogen  ut  once  determines  its  explosion 
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Platinum  is  not  acted  upon  by  either  nitric  or  hydrochloric  add. 
It  is  oxidised  when  fused  with  caustic  alkalies,  or  with  polassium 
nitnite,  and  is  also  attacked  by  fused  alkaline  cyanides.  In  the 
form  of  spon),'e,  it  is  dissolved  by  boiling  potassium  cyanide,  with 
the  evolution  of  hydrogen  and  fonnation  ofa  double  cyanide. 

Platinum  readily  combines  with  phosphorus,  silicon,  and  carbon. 
The  carbide  of  platinum  is  formed  when  the  metal  is  continuously 
heated  by  a  smoky  flame,  or  one  in  which  combustion  is  incom- 
plete, hence  care  is  necessary  in  the  use  of  platinum  vessels. 

Platinum  Black  is  the  name  given  to  the  lindy  divided  metal 
obtained  by  precipitating  platinum  from  its  solutions  by  reducing 
agents  or  by  metals.  It  is  a  soft,  black  powder,  which  is  capable 
of  absorbing,  or  condensing  upon  its  surface,  large  quantities  of 
oxygen.     It  therefore  acts  as  a  powerful  oxidising  agent. 

Platinum  Alloys.— Platinum  readily  alloys  with  many  metals  ; 
hence  compounds  of  easily  reducible  metals  should  not  be  healed 
in  vessels  of  platinum.  The  most  important  alloys  are  those  with 
iridium.  The  addition  of  2  per  cent  of  iridium  is  found  greatly  to 
increase  the  hardness  and  raise  the  melting-point  of  platinum. 
An  alloy  containing  10  per  cent,  of  iridium  resists  the  corrosive 
action  of  chemical  reagents  to  a  greater  extent  than  pure  platinum 
(see  Fluorine,  page  348). 

Oxides  of  Platinum.  — Ptatinousoxide,P(0,andplatinic  oxide, 
PtOj,  are  obtained  in  the  form  of  dark  grey  or  black  powders  by 
gently  heating  the  corresponding  hydroxides.  When  strongly 
heated  they  are  converted  into  the  metal. 

Platlnous  Hydroxide,  Pt(HO)j,  is  obtained  by  the  action  of 
potassium  hydroxide  upon  platinum  dichloride.  It  is  a  black 
powder,  which  dissolves  in  the  halogen  acids,  yielding  plalinouf 
compounds. 

Platlnlc  Hydroxide,  Pt(HO)4,  is  prepared  by  adding  boiling 
potassium  hydroxide  to  a  solution  of  platinum  tetiachloride,  and 
treating  the  precipitate  with  acetic  acid  to  remove  the  potash. 
When  dried  it  forms  a  yellowish  powder,  which  is  soluble  in  acids 
to  form  platinic  salts.  Platinic  hydroxide  behaves  both  as  a  weak 
base  and  a  feeble  acid.  With  stronger  bases  it  forms  compounds 
known  as  plalinalcs,  which  are  yellow  crystalline  salts.  The 
sodium  sah  has  the  composition  Na.O,3PtO._.,6HjO. 

Platinum  Dichloride  iplatimus  chloHiit),  PtCI^  is  produced 
when  platinum  tetrachloride  is  heated  to  about  250°.  It  forms  a 
greenish  powder,  insoluble  in  water.     It  dissolves  in  hydrochloric 
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acid,  giving  a  reddish-brown  solution  which  is  believed  to  contain 
the  double  compound  PtCljjSHCl,  or  H,PtCl4,  to  which  the  nanoe 
chloro-platinous  acid  has  been  given.  The  compound  has  never 
been  isolated,  but  a  number  of  double  salts  of  platinous  chloride 
with  other  chlorides  are  known,  which  may  be  regarded  as 
derivatives  of  this  acid,  and  which  are  therefore  termed  chloro- 
platinites ;  thus,  potassium  platinous  chloride,  2KCl,PtCl^  or 
potassium  chloro-platinite,  K2PtCl4,  is  obtained  as  fine  red  crystals, 
by  adding  potassium  chloride  to  a  solution  of  platinous  chloride 
in  hydrochloric  acid.  This  salt  is  used  in  the  platinotype  photo- 
graphic process. 

Platinum  Tetrachloride  (platinic  chloride),  PtCl4,  is  obtained 
by  dissolving  the  metal  in  aqua  regia,  and  removing  the  excess 
of  the  acids  by  evaporating  to  dryness  and  gently  heating  the 
residue.  From  its  aqueous  solution,  the  salt  deposits  in  large 
red  crystals  having  the  composition  PtCl4,5H20,  which  are  not 
deliquescent.  When  the  salt  is  crystallised  from  a  hydrochloric 
acid  solution,  or  when  the  aqua  regia  solution  is  evaporated  to 
expel  the  nitric  acid,  with  frequent  addition  of  hydrochloric  acid, 
the  double  compound  of  platinic  chloride  and  hydrochloric  acid  is 
formed,  PtCl4,2HCl,  which  is  deposited  as  reddish-brown  deli- 
quescent crystals,  with  6H2O.  To  this  substance  (which  is 
commonly  called  platinic  chloride),  the  name  chloro-platinic  acid 
has  been  given,  and  the  double  salts  of  platinic  chloride  and 
various  chlorides  are  regarded  as  salts  of  this  acid.  The  most 
important  of  these  chloro-platinates  are  those  of  the  alkali  metals, 
their  different  solubilities  being  made  the  basis  for  the  separation 
of  these  metals. 

Potassium  Chloro-piatinate  (or  potassium  platinic  chloride\ 
2KCl,PtCl4  or  KaPtClg,  is  obtained  as  a  yellow  crystalline  pre- 
cipitate by  adding  potassium  chloride  to  platinic  chloride.  It  is 
soluble  in  100  parts  of  water  at  the  ordinary  temperature  to  the 
extent  of  I.I  part,  and  at  100°,  5.18  parts.    It  is  insoluble  in  alcohol. 

The  rubidium  and  caesium  compounds  are  very  similar,  but  are 
still  less  soluble  in  water,  100  parts  of  water  at  20**  dissolving  0.141 
of  the  rubidium  and  0.07  of  the  caesium  salt. 

Ammonium  Chloro-piatinate,  2NH4Cl,PtCl4,  closely  resembles 
the  potassium  salt,  being  slightly  less  soluble,  but  more  so  than 
the  rubidium  compound. 

Sodium  Chloro-piatinate,  2NaCl,PtCl4,r)H.,0,  is  a  reddish- 
yellow  salt,  readily  soluble  in  both  water  and  alcohol. 
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Absolute  boiling-point,  79 

,,       temperature,  70 
Absorptiometer  (Bunsen),  145 
Absorption  of  gases  by  charcoal,  292 
Acetylene,  317 
Acetylide  of  copper,  318 
Acid,  ammon-sulphonic,  282 
,,       antimonic,  497 
,,      arsenic.  488 
,,      arsenious,  487 
,,      boric,  609 
„      bromic.  383 

carlximic,  311,  444 
„      carbonic,  305 

chloric,  374 

chloro-auric,  569 

chlorochromic,  664 

chloroplatinic,  694 

chloroplatinous,  694 

chlorosulphuric,  439 

chlorosul  phonic,  439 

chromic,  662 

dithionic.  437 

hydrazoic,  279 

hydrioflic,  389 

hydrobroraic.  381 

hydrochloric,  363 

hydrofluol)oric,  612 

hydrofluoric,  350 

hydrofluosilicic.  632 

hydrosulphurous,  423 

hypobromous,  383 

hypcKrhlorous,  373 

hypoiodous,  395 

hyponiirous,  250 

hypophosphorous,  472 

hyposulphuric,  437 

hyi>osulphurous,  423 

iodic,  392 
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Acid,  manganic,  660 
metaboric,  610 
metantimunic,  497 
metaphosphoric,  476 
metarsenic,  488 
mctasilicic,  635 
metastannic,  640 
metatungstic,  665 
metavanadic,  656 
molybdic,  664 
muriatic,  371 
nitric,  234 
nitrosulphuric,  427 
nitrous,  244 

Nordhausen  sulphuric,  434 
ortho-antimonic,  496 
ortho-arsenic,  488 
ortho-arseniuus,  487 
orthoboric,  609 
orthophosphoric,  474 
orihosilicic,  635 
osmic,  69X 
oxymuriatic,  352 
pentuthionic,  438 
perchloric,  375 
I>erchromic,  660 
periodic,  393 
p)emianganic,  669 
persulphuric,  425 
phosphomolybdic,  665 
phosphoric,  474 
I)hosphoric  (glacial),  476 
phosphorous,  473 
pyro-antimonic,  496 
pyro-arsenic,  488 
pyro-arsenious,  487 
pyrolK)ric,  610 
pyrophosphamic,  478 
pyrophosphodiamic,  478 
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Acid,  pyrophosphoric,  475 

M      pyrophosphotriamic,  478 

pyrosulphuric,  434 
,,      pyrovanadic,  656 
M      sclenic,  447 
M      selenious,  447 
,,      silicic,  635 
M      stannic,  640 
,,      siilphovinic,  315 
,,      sulphuric,  426 
,,      sulphurous,  421 
telluric,  449 
tellurous,  449 
tetrathionic,  438 
thiocarbaniic,  444 
thiocarbonic,  433 
thiosulphuric,  4^5 
trithionic,  437 
,,      tungstic,  664 
Acid-forming  oxides,  17 
Acids,  dibasic.  19 

,,      mono-,  tetra-,  and  tribasic. 
Active  mass,  94 
Affinities,  6x 

Affinity,  chemical,  xo,  61  ' 

After-damp,  298 
Air-liquefiers,  77 
Alabaster,  581 
Algin,  386 
Alkali  manufacture.  534 

metals,  505 
Alkali-waste,  400 
Alkaline  earths.  571 
Allotropy,  194 
Aludcls,  386,  598 
Alum,  630 

,,       burnt.  622 
,,       meal,  621 
shale,  621 
.,      stone,  621 
Alumina,  617 
Aluminates,  618 
Aluminite,  619 
Aluminium.  614 
,,       alloys,  617 

bronze.  553,  617 
,,       chloride,  623 
,,       fluoride,  622 
,,       hydroxides,  618 
,,      sodium  chloride,  623 


19 


Aluminium  sulphate,  619 
,,      sulphide,  6x7,  623 
Alums,  620 
Alunite.  631 

Amalgamation  process  (silver),  559 
Amalgams,  600 
American  pot-ashes,  521 
Amethyst,  617 
Ammonia,  272 

,.      solubility  of,  in  water,  375 
Ammonia-soda  process,  538 
Ammoniacal  cobalt  compounds,  685 
liquor,  319 
,,      mercury  compounds,  604 
,.      platinum  compounds,  695 
Ammonium.  545 
,,      alum,  620 

amalgam.  545 
.,       borofluoridc,  612 
,,       carbamate,  311,  547 
,,       carbonate.  547 
,,       chloride,  546 
,,  ,,       dissociation  of,  89 

.,      chloroplatinate.  694 
,,      chromate,  230 
cyanate,  14,  24 
ferrous  sulphate,  680 
,,       hydrazoate,  280 
hypoiodite,  283 
,,       iron  alum,  620 
,,       magnesium  arsenate,  488 
magnesium  phosphate,  475 
manganous  chloride.  668 
meta-thio-arsenate.  490 
meta vanadate,  656 
molvMate,  665 
,.       nitrate,  248 
,,       nitrite,  230 

phosphomolylxiate,  477,  665 
plumbic  chloride,  650 
pyro-arsenite,  487 
pyro-thio-arsenite,  490 
salts.  545 

scsquicarbonate,  548 
sodium  phosphate,  475 
stannic  chloride,  642 
sulphate,  546 
thiocyanate,  548 
Ammon-sulphonatcs,  28a 
Amorphous  silicon,  629 
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Analysis,  13 
Anastase,  637 
Anglesite.  643 
Anhydrides.  17 
Anhydrite,  577 
Animal  charcoal.  290 
Anions,  99,  106 
Anodes,  97 
Anthracite,  393 
Antimonates,  497 
Antimonious  oxide,  496 
Antimoniuretted  hydrogen,  493 
Antimony,  491 

,,      amorphous,  492 

.,       blende,  491 

,,       bloom,  491 

. ,      compounds  with  halogens,  494 

chlorides,  495 
,.       hydride.  493 
.,      ochre,  491 

oxides  and  oxyacids,  496 
oxychlorides,  495 
..      sulphides,  498 
, .      sul  pho-trichloride,  496 

telroxide,  497 
, ,      trioxide,  496 
Apatite,  347,  582 
Apollinaris  water,  220,  305 
Aquafortis,  234 
Aqua  regia,  241 

Aqueous  vapour  (atmospheric),  257 
Argentic  compounds  {see  Silver),  558 
Argentiferous  lead,  560 
Argentite,  558 
Argon,  265 

Argon  group  of  gases,  the,  263 
Arragonite,  582 
Arsmates,  488 
Arsenic,  478 

,,      allotropic     modifications    of, 

480 
.,      chlorhydroxide,  484 
, ,       chloride,  483 
.,      compounds    with    halogens, 

483 
fluoride,  483 

,.  oxides  and  oxyacids,  484 

,.  p>entoxide,  487 

,.  sulphides,  489 

„  trihydride,  480 


Arsenical  iron,  479 
,.       pyrites,  479 
Arsenious  bromide,  484 
,,      iodide,  484 
oxide,  484 
Arsenites,  487 
Arsenuretted  hydrogen,  480 
Arsine,  480 
Asbestos.  573 
Asymmetric  system,  x6x 
Aucamite,  555 
Atmolyses,  84 
Atmosphere,  252 

,,      composition  of,  256 
height  of.  263 

suspended  impurities  in,  261 
Atmospheric  ammonia,  258 
,.       aqueous  vapour,  257 
,,      carbon  dioxide,  257 
.,      gases     mechanically    mixed, 
260 
argon  group  of,  263 
,,      hydrogen,  260 
,.      nitric  acid,  258 
,,      ozone,  259 
Atomic  heat,  46 
theory,  25 
,,       volumes.  44.  118 
,,      weight,  definitions  of,  37,  44 
,.      weight,  determination  of,  by 

chemical  methods,  36,  58 
,.      weight,  determination  of,  by 
means  of  isomorphism,  51 
,,      weight,  determination  of,  by 
means  of  specific  heat,  45 
, ,       weight,  determination  of,  from 

volumetric  relations,  38 
,,      weights,  list  of,  22 

,,      international,  32,  38 
Atoms,  4 
Aurates.  569 
Auric  chloride,  569 
,,      oxide,  569 
Auro-auric  sulphide,  569 
Aurous  iodide,  569 
Autogenous  soldering,  431 
Avogadro's  hypothesis,  40 
Azoimide,  279 
Azote.  229 
Azurite,  550 
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Balanced  actions,  88 
Balling  furnace,  536 
Barium,  586 

,,      amalgam,  586 

,,      bromate,  384 

,,      carbonate,  586 

,,      chlorate,  374 

,,      chloride,  588 

„      dioxide,  184,  587 

,,      ditbionate,  437 

,,      hydroxide,  587 

,,      hypopbosphite,  473 

,,      iodaie,  58(5 

,,      monoxide,  586 
nitrate,  589 

,,      oxides,  586 
peroxide,  587 

,,  sulphate,  588 
sulphide,  589 
tetrathionate,  438 

.,      thiosulphate,  438 
Baryta,  586 

water,  587 
Barytocalcite,  586 
Base,  18 
Basic  oxides.  17 

,,      salts,  20 
Basicity  of  acids,  the,  18,  473 
Battery,  galvanic,  96 
Bauxite,  614 
Beryl.  572 
Berylla,  572 
Beryllum,  572 

,,      aluminate,  618 

,,      compounds,  572 

,,      specific  heat  of,  48 
Bessemer  process  (steel),  675 
Biaxial  crystals,  optically,  161 
Binary  compounds,  15,  106 
Bismuth,  500 

alloys,  500 

,,       carbonate,  502 

. ,      compounds  with  halogens,  501 

,,       dichloride,  501 

,,      dioxide,  502 
glance,  500 
nitrate,  503 

,,       nitrate,  basic,  503 
ochre,  500 

,,       oxides,  501 


Bismuth  oxychloride,  503 

,,       pentoxide,  504 

,,      tetroxide,  503 

,,       tribromide,  501 

,,      trichloride.  501 

,,      tri-iodide,  501 

,,      trioxidc,  502 

,,      trisulphide,  504 
Bismuthic  oxide.  501 
Bismuthous  oxide,  50Z 
Bisulphate  of  soda,  422 
Bittern,  531 
Bituminous  coal,  293 
Black  ash,  composition  of,  537 
furnace,  535 

, ,      revolving  furnace,  536 
Black-band,  672 
Black-jack,  591 
Blacklead,  288 
Blast-furnace,  673 
Bleaching-powder,  187,  373,  580 
Blister  copper,  551 

steel,  675 
Blue  vitriol.  556 
Boiling-point,  absolute.  79 

,,      definition  of.  128 

,,       molecular  elevation  of,  134 
Boiling-points.  129 

,,      effect  of  pressure  upon,  129 

,,      effect  of  dissolved  substances 
upon,  134 

,,      of  saturated  saline  solutions. 

133 
Bolognian  phosphorus,  584 

Bone  ash,  452 

black,  290 
Bones,  composition  of,  291 
Boracite,  607 
Borate  spar,  607 
Borates,  610 
Borax.  610 
liorotluorides,  612 
Boron,  607 

hydride,  613 

nitride,  613 

sulphide,  613 

trichloride,  612 

trifluoride,  612 

trioxide,  608 
Boronatrocalcite,  607 
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Bort.  285 

Boyle,  Liw  of,  71 

Brass.  553 

Hraunite.  666 

Brin's  process  (oxygen),  184 

Britannia  metal,  49a,  639 

Brbggerite,  264 

Bromates,  384 

Bromides,  383 

Bromine,  377 

,,      electrolytic    manufacturing 

process,  380 
,,       hydrate,  380 
,,       monochloride,  396 
oxyacids,  383 
water,  380 

Bronze,  639 

Brook  ite,  627 

Brown  hnematite,  672 

Brown  iron  ore,  672 

Brucite,  574 

Bunsen  flame,  the,  341 

,,       non-luminosity  of,  342 
,,       temperature  of,  343 

Burnt  alum,  622 

CADMiirM,  596 

,,       chloride,  597 

oxide,  597 
,.      sulphide,  597 
Caesium,  505.  544 

,,       sjvctrum  of,  509 
Cailletet's  apparatus,  75 
Calamine,  591 
Calcined  magnesia,  574 
Calcite,  577 
Calcium,  577 

„       bicarlwnate,  221,  311,  582 
„       iKjrate,  61 1 
„       borofluoride,  612 
carbide,  319,  455 
carbonate,  582 
chlorate,  517 
„       chloride,  570 
„      chloro-hypochlorite,  580 
„.     dioxide,  579 
„       fluoride,  347 
„       hydroxide,  578 
„      hypochlorite,  517,  580 
manganite,  359,  668 
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Calcium  oxides,  578 

„      phosphate,  452,  582 

,,      phosphide.  460 

„       sulphate,  581 

„      sulphide,  401,  411,  583 
Calc-spar.  577 
Caliche,  387 
Calomel,  602 
<.'alorie,  165,  32^- 
Calx,  252,  321 
Candle  flame,  335 
(Wanton's  phosphorus,  584 
('apillary  pyrites,  689 
Carat,  definition  of,  569 
C'arbides,  295 

of  iron,  513 
Carbon,  285, 627 

„      compounds,  295 

„      dioxide.  300 

„        atmospheric,  257 
„        comfrasition  of,  308 

„  „        solid,  307 

„       disulphide,  441 

„      hydrogen,  compounds  of,  3x2 

„       monoxide,  296 

„       oxides  of,  296 

„      sjxjcific  heat  of,  47 
CarlxMiado,  285 
CarlxDnates,  310 
Carlxmyl  chloride,  299 
(  arlxjnyls,  metallic,  299 
Carborundum,  630 
('arlir>xy-harmoglobin,  298 
Camallite,  510,  579 
Carre's  fre<;zing-machine,  132 
Cassiterite,  637 
Cast  iron,  674 
Catalysis,  183 

Catalytic  action,  12,  183,  354 
(.'atho<ies,  97 
Cations,  99,  106 
Caustic  potash,  515 

so<ia,  530 
Celestine,  584 
Cellulose,  240 

Cementation  process  (steel),  675 
Cerite,  627 
Cerium,  627 
Cerussite,  643 
Chalcedony,  628 
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Chalk,  582 

Chalybeate  waters,  320 

Chamber  acid,  430 

Chamber  crystals,  437 

Chance's  process,  411 

Change  of  volume  on  solidification,  137 

Charcoal,  390 

, ,      absorption  of  gases  by,  993 
i  .,      animal,  390 
,,      specific  heat  of,  47 
Charles'  law,  69 
Chemical  action,  xi 
.,      affinity,  xo 

combination,  laws  of,  35 
,.      equations,  33 
,,      formulae,  33 
„      modes  of,  13 
,,      nomenclature.  15 
,,      notation,  quantitative.  53 
,,      reactions,  33 
,,      symbols,  22 
Chili  saltpetre,  541 
Chlorates,  375 
Chloride  ions,  105 
Chloride  of  lime,  580 
Chlorine,  352 

,,      hydrate,  362 

,,      liquefaction  of,  73,  362 

,,      liquid,  362 

manufacturing  processes,  354 
,,      monoxide,  37T 
,,      oxides  and  oxyacids.  371 
peroxide.  372 
water,  361 
Chloro-aurates,  569 
Chloro-chroniates.  664 
Chloro-stannates.  642 
Chromates,  662 
Chrome  alum,  661 
green,  658 
iron  ore.  657 
ochre.  657 
red,  663 
yellow.  663 
Chromic  anhydride,  659 
,,       chloride,  660 

hydroxides.  658 
.,      sulphate,  661 
Chromile,  657 
Chromites,  661 


Chromium,  657 

,,      anhydride,  659 

,,      chromate,  658 

,,      dioxide,  658 

,,      oxides  of,  658 
,      sesquioxide,  658 

,,      trioxide,  659 
Chromous  chloride,  660 

,,      hydrated  oxide,  658 

,,      sulphate,  660 
Chromyl  chloride,  663 
Chrysoberyl,  572,  618 
Cinnabar,  597 
Clark's  process  for  softening  water, 

333 
Classification  of  elements,  iii 
Clay,  614 

.,      ironstone,  672 
Cleveite,  264 
Coal,  293 

,,      gas,  319 
Coarse  metal  (copper),  551 
Cobalt,  682 

,,      bloom,  682 

glance,  479.  682 

,,      oxides  of,  682 
Cobaltamines.  685 
Cobaltic  hydroxide,  683 

,,      oxide,  683 
Cobalto-cobaltic  oxide,  683 
Cobaltous  chloride,  683 

, ,      hydroxide,  683 

,.      oxide,  683 
sulphate,  684 

,,      sulphide,  684 
Coefficient  of  absorption,  144 

,,      solubility,  144 
Coefficients  of  expansion  of  gases,  69 
Coke.  290 
Colemanite,  607 
Colloids,  636 
Columbite,  655 
Combining  proportions,  30 
Combustibles,  322 
Combustion.  321 

gain  in  weight  by,  325 
heat  of,  326 

, ,       sii  p  i)orters  of,  322 
Common  salt,  531 
Compound  radicals,  23 
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Compounds.  7 
Conductivity,  molecular,  107 
Condy's  fluid,  670 
Constant-boiling  mixtures.  155 
Constant-freezing  solution,  155 
Constant    composition,    law  of.    25. 

Constitution  of  matter,  3 
Copper.  550 

,,      acetylide,  318 
„      alloys,  553 
,,      arsenite.  487 
„      bromide,  555 
,,      carbide,  318 
carbonates,  557 
chlorides.  555 
ferrocyanide,  156 
fluoride,  555 
glance.  550 
hydride,  473 
hydroxide.  554 
nitrate.  556 
nitroxyl,  344 
oxides,  553 
oxychloride.  555 
,,       pyrites,  550 
.,       sulpliate.  556 
„       sulphides,  557 
Coprolites,  58a 
Coral,  557 
Corpse  light,  330 
Corrosive  sublimate,  603 
Corundum,  614 
Cream  of  tartar,  497,  511 
Crith.  56 
Critical  pressure,  79 

,,       tem|)eraturo,  78,  133 
Croceo-cobaltic  salts,  686 
Crocoisite,  657 
Crookesite,  634 
Cryohydric  solutions,  155 
Cryolite,  347,  614 
Crystalline  forms,  160 
Crystallisation,  sus|)ended,  137,  151 

,,       water  of,  a  16 
Crystalloids,  636 
Cubical  nitri*.  541 
Cupel,  560 

CupfUalJon  process  (silver),  560 
Cupric  CArbonatcs,  557 


Cupric  chloride,  555 

hydroxide,  554 
nitrate,  556 
oxide,  554 
sulphate,  556 
.,       sulphide,  557 

Cuprous  acetylide.  318 
chloride,  555 
oxide.  553 
sulphide,  557 

Cyanide  process  (gold),  567 
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D ALTON,  atomic  theory,  30 
Davy  lamp,  330 
I>eacon's  process,  354 
Dead  Sea,  solid  matter  in,  3x9 
Deep  well  waters,  2ao 
IVliquescence,  317 
Dephlogistigated  air,  181 

,,       marine  acid  air,  352 
Dew-point,  357 
Diamidogon,  378 
Diatomic  molecules,  8 
Dialyscd  iron,  678 
Dialysis,  635 
Diamond,  385 

,,       combustion  of,  287 

,.       specific  heat  of.  47 
Diff'usiometer,  8a 
Diffusion  of  gases,  81 

law  of,  83 

,,       of  dissolved  substances,  159 
Dimorphism,  163 
Dissociation,  88 

,,       cfxrfticicnl,  108 

.,       electrolytic,  96 
pressure,  94 
1  )isulphates,  435 
Disulphur  dichloride,  413 
Disulphuryl  chloride,  440 
Dithionates,  437 
Divalent  anions,  106 

,,       cations,  106 

,,       elements,  59 
Dolomite,  572 
Dry  copper,  551 
Dulong  and  Petit,  law  of,  46 
Dutch  brass,  553 

,,      metal,  360 
Dyad  elements,  59 


Earth's  ctusI.  composition  of.  iBa 

Fetr.iies.  679 

EbullHion    ijB 

Fcrie  chloride,  6B0 

Efluvonofgues.  Sj 

„      hydroiidc.  678 

soluble,  67S 

tia-boron.  131 

.,       oxide,  678 

Eka-silicon,  129 

„       sulph.-ile,  6S0 

Elrcltit  furnace.  4S4.  615 

,.      sulphide,  681 

F.rritei,  677 

Elwlro-j^ilding.  568 

Eteetrolysis,  96 

FciTOso-ferric  oxide,  678 

I-Ue«rolyles.  97 

.,       sulphide,  689 

EI«lrol)tic  dissocialion.  96,  loi 

Ferrous  hromide,  sao 

Eleciniplating,  99.  563 

„       chlwide.  679 

EicmKiil   nnJ  conipound*.  0 

,,       classificaiiuii  of,  iii 

,.       ferTic>'.-inide,  680 

..      list  of,  an 

.,      ferrocyanidf,  58o 

„      non-nelallic,  B 

„      hydroxide,  677 

KlwnLaki^,  uraterof,  aig 

,.      oxide.  677 

KniPMld,  579 

,.       sulphate.  679 

Kmerv,  617 

„       sulphide.  681 

Enip)TCal  ixir,  iSi 

Felllinj;.  67:5 

KndosHiomrt.T  155 

Fi.,c  .T,elal  coi),.^-).  S5> 

Kndosniose.  155 

Fire-damji.  314 

Fire-damp  caps,  331 

English  b.a!,s,  S53 

Fixed  air,  300 

Fixed  alkali.  506 

Kpsom  sails  S7S 

Flame,  33a 

l-lquations  cbemical,  93 

candle,  335 

„       Ih,-  llunwa,  3," 

„       elcciro^hemical.  100 

„       slTMClure  of.  339 

tlstramaduiite,  45=.  S^^ 

Klliyl  1iy<lTO)(rii  sulphale,  31s 

33fl 

.,       sdicatc.  631 

Fhut,  638 

Klhylmc.  3'4 

Hintsliire  furnace.  644 

Fluor.ipiililr.  347 

Kiithlorinr.  379 

Flu.«-i.l.-»,  350 

Kluorinr.  346 

KvaiKiralion,  ia6 

Fluor- phi  ml  latet.  34S 

„       dild  prmliiccd  by.  78.  130.976 

■"luo[.ip,ir   34;   577 

Emlhermic  comiiouods,  168,  331 

Forcci  ilnniitjl  antl  phyEtical.  3 

Eiianoion  1^  li^al  of  liquid  carbon 

Formula  >s.^iG)...S4 

dioxide.  30» 

FormuU-   =J 

FulniinatinK  jjold.  569 
I  „       silver,  s6» 

I    Fu' co-col  nine  salts.  685 
I   Fiisibli'  nirtal.  500 
'    Fusion,  lalcnl  heat  of,  138 
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Gadolinitk.  606 
Gahnite,  591 
Galena.  558,  643 
Gallium,  123.  606 
Galvanised  iron,  593 
Gas  carbon,  289 

Gases,  al sorption  by  charcoal.  292 
,,      coefficients  of  expansion  of, 

69 
„      critical  pressure,  79 

,,       critical  temperature  of.  78 

,,      diffusion  of,  81 
effusion  of.  85 

, ,       kinetic  theory  of.  85 

,,       Vquefaction  of.  72 

,,      occlusion  of,  179 

,,      relation  to  beat.  69 

,,       relation  to  pressure.  71 

solubility  of,  in  liquids.  142 

,,      transpiration  of,  85 
Gastric  juice,  534 
Gay-Lussac,  l<aw  of.  26.  38 
General  properties  of  gases,  69 

,,       liquids,  126 
German  silver,  593 
Germanium,  124,  627 
Gilding.  568 
Glauberite,  541 
Glauber's  salt,  541 
Glucinum,  572 
Gold,  567 

„      alloys,  568 

,,      compounds  of,  569 

,,      fineness  of,  568 

,,      fulminating,  5f3<> 
Graduators,  532 
Graham's  law,  83 
Gramme-moleculK,  57 
Graphite,  287 

,,       specific  heat  of,  47 
Greenockite,  596 
'•Green  salt  of  Magnus."  6<j5 
Green  vitriol,  434,  679 
Grey  antimony  ore.  498 

,,      cast  iron,  674  1 

Guignet's  green,  659 
Gun-cotton,  240 
Gun-metal,  553 
Gunpowder,  523  ' 

„      products  of  combustion  of.  524 


Gypsum,  581 

,,       fibrous,  581 

HAEMATITE ,  672 

Haemoglobin,  193 
Hair  salt,  619 
Half-electrolytes,  97 
Halogens,  18,  345 
Haloid  salts,  18 
Hardness  (water),  221 
Hargreaves'  process,  539 
Hausmannite,  666 
Heat,  atomic,  46 
,,      molecular,  49 
.,      of  combustion,  326 
,,      of  formation,  167 
,.      specific,  45 
.,      si)ecific,  table  of,  46 
,,      units,  165 
HeaNy  spar,  586 
Helium,  267 
Henry's  law,  143 
Hepar  sulphurh,  526 
Hexagonal  system,  161 
Holmes's  signal.  464 
Horn  raercurv.  602 
Horn  silver.  565 
Hydrazine,  278 

.,       hydrochloride,  279 
.,       hydrate.  279 
,,       sulphate,  278 
Hydrocarbfjns,  312 
Hydrogen,  171 

atmospheric,  260 
cliloride,  363 
,,       conipoimds     with      oxygen, 
203 
dioxide,  223 

dis(xlium  pliosphat**,  475 
displaciMbli*.  19 
liquid.  178 
moiioxidi',  203 
nitratt*.  19 

occlusion  of,  171,  179 
jxToxid'',  223 
|)erMilphidt*,  412 
phosphide,  460 
p^jsition   of,    in   the   periodic 
classification,  124 
.,       potassium  fluoride,  347 

2  Y 


HydrORen  p- 

phBle,  47S 

,,      sulphide,  408 

Hydrogen  ium,  179 

Hydramagnesite.  576 

Hydroxides,  17 

Hydroxy),  a8i 

Hydnwy (amine,  aSi 

„  disulphoiute.  aSi 
„  hydrocblcxide,  aSi 
„      mono-sulpbonate,  981 

HypotnsmiKhic  oxide.  501 

HypobJsmulhous  oxide,  501 

Hypochlorites,  373 

Hypochlormu  anhydride.  371 

Hypoiodous  Bcid.  395 

Hyponilrous  anhydride.  348 

Mypophosphiies.  472 

Hypnranadic  chloride,  656 


Inclii 
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InHomniable: 

Intestinal  gases,  hydrogen  in.  i 

lodates,  393 

Iodic  anhydride,  391 

lafinc.  384 

bromides,  396 
,.      chlorides,  396 


li.n 


penlo: 
:  theory. 


St  of  common.  106 


carbide,  513,  674 
carbonyi,  300 
,.       magnetic  oxide  of,  678 

monoxide,  677 
„      oxides  of,  677 
„      passive,  677 
„       pyriiei,  400,  67a 
„       sesquioxide,  678 
„       sesqujsulphide,  681 
„       sulphides  of.  681 
Isodimorphism,  163 
Isogonism.  53 
Isomerism,  194 
Isomorphism,  51,  i6a 


JnLLv's  apparatus,  15; 

Kainite,  510 

Kelp,  385 

Kelp  substitute.  386 
Kiesel-guhr,  633 
Kieserite,  572,  S7S 
Kinetic  theory,  85 
Kish.  aSB 


IS  {boric  3 


Hd),  li 


Lakes,  61B 

I.aminaria  digilala,  385 
„       stenophyila',  385 

Ijimp-black,  389 

l.anarkite,  643 

[.anlhanum,  606 

Intent  heal  of  fusion,  13S 
,.        „         wporisation. 


constant  proportion.  71 
Ihilong  and  i'ctit,  45 
ga^oiis  difrnsion.  83 
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Law  of  partial  pressures,  147 

,,      periodic,  11 1 

,.      recifMxxal  proportions,  25,  28 
Layer  crystals,  5a 
Lead.  643 

,,    acetate.  652 

,,    action  of  water  upon,  646 

,,    carbonate.  651 

,,    chromate.  663 

,,    composition    of    commercial, 
647 

,,    desilvcrisation  of,  561 

,,    dichloride,  649 

,,    dioxide,  649 

,,     ethide,  628 

..     nitrate,  651 

,.    oxides  of,  647 

,,    oxychloride,  650 

,,    ses^iuioxide,  648 

,,    softening  of,  645 

,,     squirted,  647 

,,    suboxide,  647 

,,    sulphate.  653 

,,    sulphide,  653 

,,    sulphochlorides,  654 

,,    tetrachloride,  650 

..    tree.  645 

.,     white,  651 
LeUanc  process.  534 
Leguminous  plants,  258 
Lepidolite,  543 
Light  red  silver  ore.  558 
Lime.  578 

„    chloride  of,  580 
dead  burnt,  578 
milk  of.  579 
quick,  578 
slaked.  578 

superphosphate  of.  583 
Limestone,  577 
Liquefaction  of  air,  77 

„    of  gases,  72 
Liquids,  general  properties  of,  126 
Ufuor  ammonia^  275 
Litharge,  647 
Lithium.  543 

carbonate.  544 
hydroxide,  544 
mica.  543 
nitride,  23a 


»t 


»* 


t* 


•( 


t* 


•» 


•» 


•• 


Lithiimi  oxide,  544 

phosphate.  544 
,,      spectrum  of.  508 
Liver  of  sulphur,  526 
Ix)ad-stone.  672,  678 
Lothar  Meyer's  curve.  120 
Lucifer  maiche^i,  459 
Luminous  paint,  584 
Lunar  caustic,  566 
Luteo-cobaltic  salts.  686 

Magistral.  559 
Magnesia.  574 
Magnesia  alba  Icvis,  576 
,,      ponderosa,  577 
usta,  574 
Magnesia  mixture,  575 
Magnesian  li met* tone,  2.0,  577 
Magnesite,  576 
Magnesium,  572 

.,       aluniinale,  618 

amnioninm  chUjridc,  575 
amniunium  phosphate,  475 
.,      bori(.e,  613 
.,       broniate,  384 
..       calcium  chloride,  575 
,,       carbonates.  576 

chloride,  574 
,,      combustion  of,  in  steam,  174 
hydroxide,  574 
nitride.  232,  574 
oxide.  574 
oxychloride,  575 
phosphate,  475 
pLitinocyanide,  217 
potassium  chloride,  575 
pyrophosphate,  476 
silicide,  629 
sulphate,  575 
Magnetic  iron  ore,  672 
,,       oxide  of  iron,  678 
pyrites,  682 
Magnetite,  678 
Malachite,  550 
Manganates,  669 
Manganese,  666 
,,       blende,  666 
dioxide,  667 
,,      monoxide,  667 
,,      oxides  of,  666 


Man{^>ae  ssquioiide,  66; 

Manganic  chloride,  668 

,.      oxide.  667 
sulphate,  66S 
Manganile,  666 
Manganiles,  66S 
Mangano-iiiBngiuiit  oxide,  i 
Mif  nganoui  diloride.  66a 

„      chramite,  66a 
hydroxide,  667 

,,      sulphale.  668 
Marble.  jSa 
Marine  acid  air,  363 
Matsb  gas.  319 

lyntheHiof,  443 
Marib'ilesi  4S1 
Massicot,  647 
MiLthes,  459 
M.ulockiitf.  643 
Mcchunictl  niijilures,  8 
ModKeETBnean  Sea.  119 
M(xrM:hauni,  573 
McndelejefTs  peciudic  Uw. 
Me[>]]itic  ajr.  139 
Mercuric  nnimomuni  chloiii 


pulasiium  chloride.  66 

Mercurous  chloride.  60a 
..       nilnile.  60a 
..       oxide,  601 
sulphate,  Coa 
Morcury,  597 

.,      uUuys  oF  (aiiiu1g3m:().  6oo 
.,       ilin.leiiiiig  of,  <»o 
distillation  of,  59S 
„       nxidis  of.  6ai 
Mvlidsl.ii,'(coiij>ei),  551 
Metallic  carlwnyls.  399 
oxyls,  344 


Melallui. 
Melals  iiixl  a- 


Metavanadaiei.  G55 
Meteoric  iron,  171 
Methane,  31a 

Mey.i,     L>,il.ar      curv. 

Microcotmic  nil.  543 
Migration  of  ioiu,  107 
Milk  oflime,  579 

tulphtu,  407 
MiUiy  quarti,  634 
Mineral  alkali,  506 
Minium,  648 
Mispicke),  479 
Mixed  crysials,  53 


Mol. 


sof 


depression  of   Ihe  freeiinf-  • 

point,  140 
elevation  of  the  boiling-point. 

'34 

equations.  55 
foimuliE,  33 

..     .lowering  ol  vapour  pressure, 

volume,  44 
..      weighl,  41 

wdghi.  dclennination  of.  bj 
the  depression  of  f  recung- 

Molecules,  3 

„       compound,  6 
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f  I 


*i 


i» 


If 


•  • 


Mordants,  618 
Mortar,  579 

„      the  setting  of,  579 
Mosaic  gold.  643 
Mottramite.  655 
Mundic,  479 
Muntz  metal,  553 
Multiple  proportions,  law  of,  25,  31 

Natural  waters,  318 
Natural  steel,  624 
Neon,  369 

Nessler's  solution.  273,  605 
Neutral  alum,  633 
Nickel.  687 

,,      alloys  of,  688 
blende,  687 
carbonyl.  399 
chloride,  689 
glance,  479,  687 
monosulphide,  689 
monoxide,  688 
oxide,  of,  688 
,,      sesquioxide.  688 
„       silver,  593 
,.      sulphate,  689 
Nickelo-nickelio  oxide,  689 
Niokelous  oxide,  688 
,,      sulphide,  689 
Niobates,  655 
Niobium,  655 

,,      oxides  of,  655 
Nitrates,  241 

,,      detection  of.  241 
Nitre,  522 

,,      plantations.  533 
Nitric  acid,  manufacture  from  atmos* 
pheric  nitrogen,  235 
.,       anhydride,  241 
,,      oxide,  246 
Nitrides,  278 
Nitrific  ition,  522 
Nitrites,  345 
Nitro-cellulose,  240 
Nitrogen.  229 

iodide,  283 

oxides  and  acids  of,  234 
pentoxide,  241 
peroxide,  242 
tribromide,  283 


Nitrogen  trichloride,  282 
Nitro-metals,  344 
Nitro-sulphuric  acid,  437 
Nitrosyl  chloride.  350 

,,      hydrogen  sulphate,  351 

„      sulphate,  427 
Nitrous  anhydride,  234 
Noble  metals,  340 
Nomenclature.  15 
Non-electrolytes,  97 
Non-metals.  7 
' '  Nordhausen  "  acid.  434 
Notation,  chemical,  3i,  53 

Occluded  hydrogen,  171 

Occlusion  of  gases,- 179 

Olefiant  gas,  314 

Opal,  633 

Ore  hearth,  644 

Orangeite.  637 

Organic  chemistry,  definition  of,  396 

Orpiment,  479 

Orthite,  606 

Orthoclase.  637 

Osmiridium.  642 

Osmium,  690 

,,      oxides  of.  691 
,,      tctroxide.  691 
Osmotic  pressure,  155 
Osteolite,  582 
Oxides,  17 
Oxygen,  i8i 

allotropic,  195 
.,      Brin's  process,  184 
.,      Tessj^  du  Motay  process,  189 
Oxyhsemoglobin,  193 
OxyhyJrogen  flame,  327 
Oxymuriatic  acid,  352 
Ozone.  195 

atmospheric,  256 

constitution  of,  199 

tube.  Siemens',  196 
,,     Andrews',  200 


Pa 


-LADIUM,  690 

absorption  of  hydrogen  by, 

179 
chlorides.  691 
hydride.  179 
oxides,  691 


Pukes'5  process,  j6i 

l*irtial])re5>ures.  law  of,  147 

..      tetrio<lide,  467 

ParliallymEcible  liquids.  149 

,.      Uibromide,  467 

Piualveiron  £77 

,.      trichloride,  465 

Pflliinson's  process,  S*" 

white  lead,  6so 

triodide.  467 

Pcarl-osll  531 

Phosphoryl  chloride.  46G 

fluoride,  468 

Percy-Patera  process,  563 

nitride.  47S 

Perictase,  S74 

.,       triamidc,  478 

Peridote.  637 

Vh<,^o->.,.h^,  yv. 

i'«iudM^.3.Ji 

Physical  cc.n,ijnu.  of  gases.  8a 

Periodic  cliusificaiibn,  Iii 

rig-boiLirg,  'J7g 

rernimicnt  while.  589 

Pig  iron.  674 

hardn£!.s,  aai 

Pilcbblende,  664 

Pertnan  Kami  Ice,  669 

Planes  of  ^yn.aic»y,iSo 

Planter  t-r  Paris,  581 

Persulpbates,  493 

Plastic  sulphur  406 

Persulphutic  anhydride,  434 

Plate  sulphate  386 

Pet.:iite,  S43 

Penile,  S67 

Plali.,alcs  ^3 

PewlvT.  636 

Phenadte.  57= 

„       chloride,  694 

I'hlogislon,  3ai 

Phosgene  KHS  =99 

PlalitKKhlorides,  693 

Phospham  477 

„      cyanides,  69s 

'ho^phales,    54 

nilriies.  695 

Pbosphine,  460 

PUlinolype  process,  694 

Phosphites,  473 

Plalinoua  chloride.  693 

I'll (sphonm III  bromide,  463 

hydroxide.  693 

„      chloride,  461 

Platinum,  691 

.,      iodide.  463 

,.      alloys.  693 

.,      black,  693 

..      liquid,  463 

,.      oxides  of.  6113 

„      solid,  464 

oxysalts.  (95 

sodium  chloride.  66 

Phosphorus,  451 

„       spongy.  69a 

,,      allolropic.  4s8 

,.       sulphides  of,  6us 

compounds  with  sulphur,  47S 

,.       lelnchloride.  6;  4 

by  eKclric  furnaw. 

4S4 

Plumbic  chloride.  649 

oxides  itnd  uxyacids.  469 

„       oxalaie,  647 

„      oxychloride.  ^'ia 

„       oxide,  647 

.,      oxyfliioride.  46S 

peroxide,  649 

„       pcnlBliromide,  467 

I'lunibous  oxide.  647 

.,      pentachloride,  463 

Plumium  nigrum.  643 

Pollux,  509 

i-olybasitf.  558 

„      peutoxide.  471 

Polylwliie,  sw 

Pul-asbes,  sao 

Poush.  causlic.sis 

platinic  chloriae,  6^ 

Po.->s.i.,m,  5IO 

plalino-eyanide.  6.js 

alum,  631 

piumlale.  649 

bnmiale.  384,  530 

silicofluoride.  619 

carlK.nale.  jai 

silver  thioiulphale.  437 
stannale,  640 

clilonif,  516 

clrt:lrolytic      manu- 

julphile.  41' 

facmre  uf.  518 

sulphides  of,  535 

chloti-le.  S16 

lelrachroraale.  663 

clikHochrumntr.  664 

irichromate,  663 

line  oxide.  175 

PowdM  of  Algarolh,  495 

dironiate.  66j 

l>iH.-«o-cobaliic  salts,  685 

l^epnrlng  salt,  (140 

I-roducergiVi,  186 

ferrale.  679 

rVousliW.  558 

Prussian  blue,  681 

fifTocyiuiHlc,  a<,7.  680 

tlm«iilr.  s.S 

l'iu:heriie,  655 

l1uiir-|i)uiiilMiP,  34a 

Puddling.  675 

hydride,  ..i.4 

Purple  copper  ore.  sso 

hydroii.lr.  5.5 

Turpurnj-colaltic  sails,  686 

hypoiodile,  183 

Pyrargyriie,  558 

hyponitrite,  350 

I'yriles  burners,  429 

icniati-,  yj3 

Ptrolusiie.  666 

iwlide.  S90 

manKanan-,  669 

lyophosi,h<..-s,476 

iiKtanlinHHiale.  49B 

yi'Ai.iiATicsyswm,  ,61 

IJuantiuiivp  nolalion.  $3 

guarli.  633 

nitratf ,  5M 

Quicklime.  578 

osmat.-.  691 

RAniATKDpyriics.  6S1 

oxides  of.  S14 

kain  waler.  Mliil  inlpuritv  in.  a 

kaoulfs  nielliod,  140 

anho-lliioarsrnnir,  490 

Ki-al^iir,  489 

ortlio-lhKfurMnue,  490 

knl  antimony,  491 

IwW^Milpliide.  s^S 

,.       copier  ore,  550 

..       ha^maiite.  67a 

l«rel.lor«ie.  519 

..       1<a<l,  648 

prrioilaie.  394 

Scheele's  green.  |87 

..      nnc  ore.  391 

Schnlinile.  664 

Refin«y«l«g{«.ppiT).  SSI 

Schllppe'i  salt,  499 

Regular  sjrxtem.  i«o 

ScbiJniw.  S76 

Reiwt-i  second  bue.  chloride  ot.  695 

ReUtioD  of  guei  to  b»t.  69 

Scotch  harth.  644 

pressore.  7' 

Seaweed,  iodine  in.  385 

Selenile.  s8' 

Rhodium,  ^43 

Selenium,  444 

Rhombic  system,  ifii 

„       alums.  630 

Rochelie  rail,  563 

dichloride,  446 

Rock  cryswl.  633 

„       dioDde.  447 

Rock  salt,  S36 

Seltier  witter,  no 

Roll  sulphur,  403 

Rommn  alum,  &>< 

Serpentine.  S73-«37 

RoKo-cobBllic  ults.  6B6 

Siemens'  oione  tube,  195 

Rouge.  67B 

Silica.  633 

Rubidium,  544 

Silicates.  636 

Rubia,  artificial,  61B 

SiliciuTBtted  hydrogen.  630 

Ruby,  617 

Silicon.  6a8 

Ruby  ore,  550 

.,      chloride.  632 

,.     silver  ore,  SS8 

,.     sulphur.  479 

..       dioxide,  633 

Run,  326 

fluoride.  63a 

Rulhrnium.  691 

,.      hciachloride.  633 

„       chloridei  of,  691 

, ,       heiBfluoridr.  63a 

..      oxides.  691 

Rulile,  617 

„       liquid,  63' 

Silver.  S58 

Sa:,  alembroih,  603 

.,       allotropic.  563 

..       ammouia,S46 

„      alloys,  563 

Sall-talte  proce!5,  534 

„       alum,  j«6 

Salt-forming  oxides.  17 

bromide.  565 

Saliems,  531 

„       chloride,  5&, 

Sahprire,  59a 

flashing  of,  560 

Sails,  acid,  19 

..       fluoiiile,  565 

.,       basic,  ao 

..       fulminating,  564 

,      haloid,  iS 

„      glance.  558 

.      normal,  19 

..       iodide,  S65 

of  hydrogi-n.  107 

,.       nitrates** 

of  hydroiyt,  107 

.,       o>idcs,  563 

.      oxy-.  18 

oiybromide.  s66 

,       thio-,  iS 

oiychloride.  566 

Sand,  6j8 

Sapphire,  6.7 

,,       pho^phales,  475,  47 

Sniins]«r,  jS. 

plating.  563 

Saturated  solutions.  151 

spitting  of,  S63 

..       vapours,  117 

standards,  ffis 

Sea 

ndium.  606 

suboiide.  S64 
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Silver  sulphate.  53a,  566 

sulphidir.  558 
^Singly  refracting  crystals,  161 
Slakitd  lime.  578 
Smalt,  686 
Smaltine.  68a 
Smoky  quartz,  654 
Soda,  540 
Soda-a&h.  538 

caustic.  530 
,,      cr)'stals,  540 
Sodium,  526 

..      acetate,  313 

alloy  with  potassiuiii,  539 
„      aluniinate,  614 
.,      aluminium  chloride.  615 
„      amalgam,  601 
„      antimonate,  497 
„      antimonitt*,  496 
„      arsL'nate,  488 
„      benzoatc.  379 
„      bicarbonate.  540 
„      bromide,  534 
carbonate.  534 

,,        electrolytic    niaiiu- 
facturp  c»f.  539 
cliloride,  53 x 
chloro-platin.tte,  6f)4 
•,      elet.trulytic    manufacture  of. 
526 
electrc'lytic     nianufactute    of 

(Borchers'  p^oce^!>),  5J7 
hydrazoatc.  379 
hydride,  539 
hydroxide,  530 
hypophosphitc,  473 
hyposulphite.  436 
iodide.  534 
metabisulphite,  434 
metaniobiite,  655 
meta phosphate,  476 
„      mi-tastannate,  641 
„      metatantnlate,  655 
,.      metavanadutt.',  655 
,p      niurate.  541 
..      oxalate.  175 
„      oxides.  539 
„      permanganate,  670 
„      phospliates.  543 
„     pyro-onenate,  488 
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tf 


»• 


** 


>» 


ft 
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•• 


tt 


•• 


»f 


SMiiuin  pyr«ipli05»[»luite,  476 

b<'MiuiuirlMmat«*,  540 

iilicate,  635 

silvtT  thio>ulphat*>,  563 

.staiiiiitt',  640 
.,       sulpliati',  541 

M»*uliilitycur\t'.  154 

suliliidc,  534. 

t)iif>-aiitini<Miuto.  499 

tlii(>v.ulphati*,  436 

tunL,'stati\  664 
,.       uiaisati*.  664 

7inc  chloride,  66 
.s«^ttnini,  ^icx; 
Solar  prouiiiu-tici's,  171 

S«»ltliT,  63^ 

Si  lf,it;ira.  3<y*; 

Soliditu  atioii,    >us:  «••  di'd.    137,   404. 

4:6 
S<»liflifyiii^;  {M)int.s  of  Iif|iii(Is,  137 

,,       i>oint.s  of  ii(|uiils.  rtlW't  of  dis- 
solved sul  istanccs  ii|x  in ,  i  7f\ 

,,       iK)ii)ts    of   licpiids,   eHVct    of 
pifssure  on,  137 
Solnhilitifs.  ilia^Mani  of,  153 
S«>lul)ility  of  }{a^''s  in  Ii(|uids,  143 

,,       of  liquids  in  li<{Uids,  148 

,,       of  mixed  ga.»»4*.s,  146 

,,       of  solids  in  liijuids,  150 
Soliitii.n.  142 
Soluiioii"*,  >aluratrd,  151 

,,       su|iers;itui.itnl,  151 
S'lnliirntr,  452,  58a 
Spiiihic  iron  ore.  673 
SjK'cific  gra\ity  of  j^aM's,  40 

,,  ,,       iMiuJfN  and  solids,  118 

ht-at,  45 

,,       lu'als,  tallies,  46 
Sj)i-i!ra  of  alkali  metalN,  50 
S|K'ctioscoj  e,  507 
SjKTular  ir<»n  t»rr,  673" 
Sjioiss- col  Kilt,  68-J 
S|)icj;el,  074 
Spine  lie,  6i3 
Spirits  of  li.ut>I]<irn.  2/3 
spilling;  II*"  .siivt-r,  tin*.  563 
SpiKluiiitMie,  543 
Spriiij;  water,  219.  220 
Stai.utites,  2J3 
Slaligmiteb,  22a 
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standard  temperature  and  pressure. 

69.71 
Stannates,  640 

Stannic  chloride.  642 
sulphide,  64a 

Stannous  chloride,  641 

hydrated  oxide,  039 
,'      nitrate, -638 

oxide,  639 
oxychloride,  641 
sulphate,  638 
sulphide,  642 
Sta^furt  deix)sits.  510.  S^o.  574 

Steam,  214  ,  ^ 

volume  composition  of,  208 

Steel,  67s 
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Thallium  oxy hydroxide.  625 

,,       perchloralc,  607 

,,       sulphate,  607 
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,,      chloride,  625 

,,      hydroxide,  624 

,,       iodide,  607 

,,       oxide,  624 

,,       phosphate,  626 
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Thio-arsenites,  490 
Thiocarlxjnates,  443 
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Turquoise,  614 
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Watkk,  203 

Clark's  process  for  softening, 

222 
colour  of.  212 
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electrolysis  of,  207 
freezing  of,  131 
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,,       hardness  of,  221 
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,,      rain,  220 

solubility  of  gases  in,  Z47 
M  salts  in,  150 
, ,      solvent  power  of,  316 
supercooling  of,  136 
volumetric    composition    of. 
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,,      dangtrous,  233 
,,      deep  well,  220 
,,      fresh,  220 
,,      hard,  221 
,,      mineral,  219 
,,       natural,  218 
,,       potable,  22a 
,,      river,  220 
safe,  223 
sea,  219 
spring,  219 
suspicious,  223 
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Wei  don's  process,  357 
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White  arsenic,  485 
,,      cist  iron,  674 
lead,  651 

metal  (copper),  551 
,,       nickel,  687 
,.       vitriol,  218 
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Xantho-cobaltic  salts,  686 
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ZiEKVOGEL  process,  561 
Zinc,  591 

alloys  of,  593 
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blende,  591 
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oxide.  593 
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